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Abstract— Present paper aims to propose an effective scheme for the control of on-load tap changing of transformers. In
this scheme based upon the voltages and currents before and after tap changing the stability index is find out and the
required control action is done based upon the index value. In this the proposed method is applied for a standard 10- B BPA
system and the results are plotted. Different cases are taken in to the consideration and the proposed system is validated for
the voltage stability prediction.
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. INTRODUCTION

In modern power transformers OLTC is equipped with the ATCC to maintain LV side voltage within a dead band set value.
Thus ATCC of power transformer react to the changes in the low voltage side. It also react to the different levels on H.V side. Thus
with the voltage decays the set point system try to restore the voltage by changing the tapping’s of power transformer. But due to
ATCC operation there is a chance of control action in a reverse passion i.e., Before the extreme condition even though with the tap
changing the LV side voltage will not improve but decays [1-5]. To overcome the problem several methods in the history has been
present.

In one of the scheme no of High voltage side LV stages is used for the control action required [2]. But by this method there
was no proper relation between levels of V and OLTC lack of stability condition. Due to this instead of mitigating the problem it
will magnify the problem to a greater extent ex: capacitor bank switching. In [3] a method has been suggested that is based on the
LV side changes of voltages.

Due to the disturbance there will be significant drop in the voltage which will in turn energizes the ATCC to restore the
voltage level. Due to the tap changing of transformers resembles to the decay in the load voltage which is looked from the High
voltage side and at one point it is equal to system impedance. Beyond this point with the change the tapping’s results to the reverse
action of transformers [10].Thus at the critical point there will be maximum power. Beyond this results to the decay in the power.
Therefore there must be a built in scheme to estimate the admittance of the system which offers an excellent phenomenon for the
ATCC operation.

Several methods are introduced in the literature to estimate the parameters [11-17].But in these methods between two
instants it is considered only the changes in the load side but not in the supply side of the system [18]. Thus for long time interval
there will be consideration of supply system side also. But for shorter time there will be not much variation in the measurements
results to the impossible to estimate the equivalent admittance. Even though different processing of data techniques are used to
raise the precession of the equivalent value there is no decay in the problem [19]

Hence a scheme must be developed to monitor the voltage stability for the shorter duration of changes.

In this research work a new scheme is developed to measure ‘V’ and ‘I’ of power transformer with the presence of OLTC
to estimate TCSI. The new modern system in the presence of ATCC have the ability to calculate the V, | on H.V and L.V sides of
the power transformer [20].In this paper a method is introduced how the voltages and currents before and after tap-changing is used
to estimate simple TCSI which is used to provide the stability of on load tap changing of transformers. Finally the method is put
forward to the10-B BPA test system and the results are plotted for different cases such as one line outage, two line outage, with
load shedding, with capacitor bank injection and with D-STATCOM at the B.

I1. METHODOLOGY

This chapter gives a brief description of the theory of fast decoupled load flow which is used to find the voltages and
currents are present. V and | is used to find the S.I of the OLTC of transformers.
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A. Fast Decoupled Load Flow.

Load-flow calculations are carried out in OP, OC and system planning. The ability to choose a correct method for practical
application is occurring many times is difficult. It requires a careful analysis of the comparative merits and demerits of the many
available methods such as storage, Convergence characteristics and speed. But researchers tried to build a system with all the merits
mentioned and finally a best method described by them is FDLF method.

It is the modification of the Newton Ramphson method.

> In general any transmission line there will be very high X/R ratio. So, changes in the real power is less sensitive to the
changes in the phase voltage and less sensitive to the change in the phase angle.
> Inthe same way Q is less sensitive to the change in the phase angles and mainly depends upon the |AV].

Hence from the above two points there will be modification in the N-R method matrix format as follows with J2=0; J3=0;
(o) =l 2)Gav)
AQ) 10 J\Av
AP = J,AS = [gg] A6

AQ = J,AV = [gg] AV

The main advantage of this load flow method is it will take less time per iteration and the memory consuming per iteration will
be less.

B. Automatic Tap Changing Controller Of Transformers

To mitigate the voltage instability problem one of the best way is the tap changing of the transformers. In general this is done in
two ways one is off-load tap changing and the other is on-load tap changing.
In the recent years OLTC is combined with ATCC to improve the stability criteria of the system.
Thus the main aim of the ATCC is to maintain the LV side “V’ of the transformer in the pre-set dead band.
C. TcCsI
Consider a simple power system with a transformer and voltage source as shown in the figure-1.

H.V Side L.V Side

'||_® |I [:g % > Load end

1

Figure-1: Equivalent Circuit of on Load Tap Changer with load.

For a time instant T, Due to the dynamic changes in the load side (or) at the supply side there is a change in the ‘V’ at the load
end. OLTC make efforts to restore the voltage at the load end to a pre-defined dead band by changing the turn’s ratio.
The criterion for the voltage stability of the system is obtained by the TCSI

change in current
TCSI =

>
change in voltage
TCSlI is defined as the change in the OLTC current on primary side to the change in the primary side voltage with all the parameters
considered in per unit.

D. Control Of On Load Tap Changers In Automatic Way:

The regular surveillance system for OLTC stability is included in the modern systems to develop OLTC automatic control Figure-
2 shows the principal of the typical scheme.

When the calculated value of ATCC is greater than one then the system is said to be in stable region. The ATCC will T (or) {
the tap on the HV side to maintain the LV side voltage within the dead-band.

When the value of TCSI is equal to one then the ATCC blocking is made to avoid voltage instability.
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Figure-2: Principal of OLTC control scheme.

When the value of TCSI is less than one then ATCC set point is reduced which resembles the reverse control action of the
transformer. Hence to overcome this condition either of the controlling scheme is performed i.e., load shedding, Introducing of
capacitor bank, Introducing of the D-STATCOM is made to avoid the voltage instability condition.
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Figure-3: Flow chart for ATCC operation.
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1. SIMULATION RESULTS
The method is put forward to the 10-B BPA test system to validate and investigate the proposed system.

A. System Description

To illustrate the mechanism of voltage instability analysis in time domain passion for 10-B BPA test system which was
developed by the CIGRE task force on 28-02-08 was considered [24-28]

10-B BPA system line diagram is present below in figure-4.All the system data was considered from [29]. The local area is
fed by three generators by five transmission lines. B connected to G1 is modeled as infinite B and the G2, G3 are modeled as third
order model system in this paper. Excitation system and over excitation limiter is considered for the generators system. All the
parameters of generators are present in [24]. Characteristics of excitation limiter are present in [30].

Transformers T4, T5, T6 are modeled with OLTC’s. There will be 10 seconds time delay for every tap movement. Load at
B-10 is modeled as composite load, power loads of constant magnitude. Load at B -7 is modeled as load of constant impedance.
For every case the fault is initiated at T=50 sec and cleared by one line outage (or) Two line outage in the transmission corridor.
Due to which the load shared on the other transmission lines is comparatively increased. This event causes sudden changes in the
system different B voltages.

For every case the OLTC equipped with the ATCC which is in the active state will react if the LV side voltage is out of dead
band. Over excitation limiter is in ‘on’ in between T= 50 to 100 seconds. First operation of OLTC starts at T=100 seconds and
subsequent operations after 10 seconds time delay. The tap limits are 1+ 0.15 with 1.5% steps and dead band of each tap is +1%.

Different cases were considered for the validation of the proposed system. In every case the scenario of fault creation starts at
50 seconds and the OXL is ‘on’ for the first 50 seconds after the fault creation and then tap changing is done with 1+0.5 dead band
of tap ratio for each tapping and is done for every 10 seconds time difference.
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Figure 4: 10-BUS BPA test system.
Case-1: OLTC of T6 transformer is active
The OLTC’s of T4, T5 are inactive and T6 is active in this case. With the change in tapping’s of T6 results to the variation
in B-voltages of B-6 and B-9 following by a one line outage in the transmission corridor i.e., between B5 and B6. OEL of G3 is
activated in between 50 sec to 100 sec.
From the simulation results it is clear that with the changing of tapping of T6 the voltage at B-10 is increasing and the
voltages at B-6, B-9 are decreasing and the currents are vice versa.
The results are shown in the below Figure.
Fault is initiated at T=50 seconds at B-5 due to this the voltages at B-10 decays from 1 P.U to 0.93 P.U which is out of dead
band.
To improve the voltage OEL of G3 is “ON” in between t=50 to 100 seconds. Due to this the voltage at B-10 increases from
0.93 to 0.94 P.U. But this voltage is also out of dead band. To overcome this tap changing of T6 transformer is initiated at T=100
seconds.
For every 10 seconds time duration one step of tap changing varies. With the change of tapping there is the change in voltage
and current. Based upon the values of V, | before and after tap changing tap changing stability index is calculated. For this case the
index value does not drop the stability line hence the system will be in the stable region.
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Figure-5: Bus Voltage Change’s by T6 OLTC action

HV side surrent changes of T4-T6 by T6 OLTC operation
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Figure 6: HV side current changes of T4-T6 by T6 OLTC operation.

By load flow studies V and I is calculated and tap changing of transformer T6 starts at T=100 sec. The change is made at rate
of 1+0.5% per tap.

The voltages and currents before and after the tap changing is used to find the TCSI. By the results it is confirmed that after
the 9™ tapping the index value is in stable region.

In the same way for two line outages in the transmission corridor again load flow studies is made to find the TCSI.

For the two line outage the voltage drops from 1 P.U to 0.86 P.U with the initiation of the fault at T=50 seconds which is out
of the dead band. Hence between T=50 seconds to 100 seconds over excitation limiter is in ‘ON” condition. After 100 seconds Tap
changing is initiated.

For every 10 seconds time duration one step of tap changing varies. With the change of tapping there is the change in voltage
and current. Based upon the values of V, | before and after tap changing tap changing stability index is calculated. If the value of
index drops below the stability limit line and that point is called the ATCC set point reduction point.

After 91 tapping it is confirmed that the index value decays below the stability line which represents the system enters in to
the un stable region and hence the required control action to be taken either by changing the tapping in the reverse order than the
previous one. The simulation results are as follows
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Simulation of tap ratio, TCSI and secondary side voltage in case-1
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Figure-7: Tap ratio, Index and B-10 “Voltages’ for one line outage.
Simulation of TCSI, Tap Ratio, Primary and Secondary Voltages of Bus-10
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Figure-8: Tap ratio, TCSI and B-10 voltage for 2- line outage.
Simulation of T6 Tap ratio, TCSI, Primary and secondary voltages for two line outages
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Figure-9: Tap ratio, TCSI, Primary voltage and secondary voltage with ATCC pre-set point reduction after ninth tapping.

Case-2: OLTC of T5 transformer is active
In this case OLTC of T5 is active and the transformers T4 and T6 are in-active. Due to a large disturbance in the transmission
corridor loading on the other parallel lines will be increased. Due to the fault initiation at T=50 seconds the voltage at B-8 drops

from 1 P.Uto 0.73 P.U.

The simulation results confirms that after 9" tapping the voltage on the secondary side is unstable and the TCSI value falls less
than zero. To neutralize the ATCC instability 10% load in B shed for 2sec after the ninth operation of tap. The simulation results
confirms that with the load shedding the index value increases above one which resembles the system enters in to the stable region
with the load shedding. Due to load shedding the voltage at B-8 is improved to 0.79 P.U.
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Simulation of Tap Ratio, TCSI and T5 secondary side voltage in case 2(a)
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Figure-10: Tap ratio, TCSI, B-8 voltage following large disturbance in the supply system results

Simulation of TCSI, Bus Voltages at T5 Transformer, Tap Ratio with 10% Load Shedding after 9th tapping.
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Figure-11: Tap ratio, TCSI, B-8 voltage with 10% load shedding after 9t" tap operation results.
Case-3: OLTC of T4 transformer active
In this OLTC of T4 is in activated state and the transformers T5 and T6 are in-active. A large disturbance between B 5 and 6 is
applied to the system at the time instant T=50 seconds. Due to this the voltage at B-7 drops from 1 P.U to 0.8 P.U. With the initiation
of the OEL the voltage is improved to very small value. Hence tap changing of the transformer is initiated for the active ATCC
transformer. The simulation results confirms that after the 9™ tapping the system enters in to the unstable region. A capacitor bank
is inserted in to the system after 2 sec the 9 tap operation. Due to this the voltage at B-7 is improved to 0.96 P.U.

Simulation of Tap Ratio, TCSI, Primary and Secondary Voltages at Bus-6 and Bus-7
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Figure-12: Tap ratio, T4 tap changer stability index and B-6, B-7 voltages following a large disturbance in the
transmission corridor results.
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Simulation of Tap Ratio, TCSI, Primary and Secondary Voltages
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Figure-13: Tap ratio, T4 tap changer stability index and B-6, B-7 voltages following a large disturbance in the transmission
corridor. A capacitor bank is added to B7 after 9t tapping results.

Case-4: OLTC of transformer T4 active with D-STATCOM injection after 9" tapping

In this case OLTC of T4 active and the remaining are in-active. A large disturbance in the transmission corridor is initiated at
T=50 seconds. Due to this the voltage drops from 1 P.U to 0.8 P.U. To improve the voltage OEL is ‘On’ in between T=50 to 100
seconds. From T=100 seconds the transformer with the active OLTC will start change the tapping for every 10 seconds. After 9t
tapping the system enters in to the unstable region. To avoid the instability we introduce D-STATCOM in the load end after 2 sec
to improve the system in to stability condition.

With the injection of the D-STATCOM at the load end the voltage at B-7 improves to 1 P.U.
D-STATCOM injection after 9th tapping of Transformer-T4
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Figure-14: Simulation of tap ratio, T4 tap changer stability index and B-7 voltages with a disturbance in the transmission
corridor. A D-STATCOM is connected to B7 after ninth tapping.

IV. CONCLUSION

An OLTC automatic control scheme is introduced for power transformer. The advantages of the proposed system is that it uses
the voltage and current on both sides of the power transformer, due to the changes in the OLTC operation, for the regular surveillance
of OLTC stability by calculating a simple index. The simulation results confirms that D-STATCOM will improve the voltage profile
than the capacitor bank and OLTC operation by ATCC become very useful to mitigate the voltage instability condition.
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