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Abstract

In this paper, a novel model of fully electronic on
load semiconductor tap changer for power
transformer has been proposed. With high power
semiconductor devices, problems associated with
conventional mechanical on load tap changers
which includes excessive conduction losses and
arcing in the diverter switch have been properly
rectified. In this work Simulink model was designed
with GTOs as switching devices embedded in taps.
Step change of voltage is achieved changing taps by
switching GTOs and fine voltage with error less
than +0.1% is obtained by sequential firing control
between GTOs in the system, which is not possible
in conventional automatic OLTC control system.
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1. Introduction

When the load in a power network changes it
consequently affects voltage profile at load end. To
maintain the load voltage within permissible limits,
Power transformers are equipped with tap changing
system. The tap changer alters transformer turns ratio
in a number of predefined steps which results change
in secondary side voltage (Load end).On load tap
changing power transformers are an essential part of
any modern power system ,since they allow voltages
to be maintained at desired levels despite load
changes. The problem with conventional tap changer
is its mechanical structure of complicated gear
mechanisms of selectors, diverters and switches.
These arrangements are slow in response and
susceptible to contact wear condition and
deterioration of insulating oil, thus requires regular
maintenance. In this paper, focus is being given to
power transformer with on load tap changer where
the complete mechanical control is replaced with
static semiconductor switches belonging to thyristor
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family such as GTOs which are capable of controlled
turn on and off. These modern GTO thyristors had
the advantages of high power handling capability and
long life, thus suitable for use as selector. The
proposed tap selector consists of bi-directional GTOs
connected in anti-parallel ,thus selection of particular
tap is done by switching GTOs in that respective tap.
The application of semiconductor or solid state
devices in designing the tap changer have advantage
of faster response, almost maintenance free and better
performance when compared to conventional tap
changers.

In this paper, improvement is achieved by
maintaining the supply voltage changing tap setting
via GTO assisted selector and fine voltage control
through sequential switching of GTOs embedded in
taps. The results obtained from this experiment
shows that the proposed static tap changer is able to
monitor voltage supply and maintain load voltage
with error less than £0.1%.

The Figure 1 below represents control scheme of a
conventional OLTC transformer. Automatic OLTC
controls within £10% change of nominal voltage. The
upper most tap represents -10% change to nominal
voltage, while lower most tap represents +10%
change. In the below figure 1, V. refers to -10%
and V. to +10%. OLTC transformer reduces the
error in voltage till secondary voltage is within the
dead band operating tap positions. Tap changing
results step change in voltage.
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Figure 1: VVoltage control representation

The voltage in between two steps i.e., between two
taps can be obtained through static/semiconductor tap
changing systems with sequence control with voltage
error less than +0.1%.
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2. Static/Semiconductor Tap
Changer

The basic circuit scheme of automatic static OLTC
with sequential controllers is shown in figure 2.
GTOs are used as switching devices to turn on the
selected tap of the power transformer. The bi-
directional GTOs in addition, performs voltage
control between taps by sequential switching.
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Figure 2: Block diagram of automatic OLTC with
sequence control

The proposed control mechanism is addition of static
devices such as GTOs to the automatic OLTC of a
transformer for obtaining secondary voltage in close
tolerance.

3. Basic Control Mechanism

The voltage at load end / secondary side of automatic
OLTC transformer is measured and compared with
the preset value. If the difference is within the dead
band, no operation takes place and if the difference
lies outside the dead band an appropriate lower or
raise correction will start after a pre-determined
delay. This process will be repeated until the
secondary voltage is within the inner dead band. The
main purpose of time delay is to prevent unnecessary
tap operations due to temporary voltage fluctuations.
Tap changing is done by switching GTOs in
respective taps. In addition to the above automatic tap
control; a sequence control is introduced between
taps for obtaining fine secondary voltage.

4. Sequence Voltage Control

An attempt is made to adjust output voltage by
controlling GTOs in between taps. The control of
GTOs is achieved through firing angle control. A
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typical output waveform using sequence modulation
method is shown in figure 3.

Upper tap Voltage

Lower tap Voltage

Figure 3: Firing angle control of voltage

In this method of control, output voltage can be
represented as a function of a (firing angle), as given
below

Vims is f(e)

= ii% {f{vh sinCwt))” diwt) + J|r (Vap Siu(wt:-)z d{wt’j}
By o o

o firing angle

\" Peak Value of Lower tap voltage

Vip Peak Value of Upper tap voltage

Vims Resultant rms value

Using above stated equation varying firing angle,
voltage control in between taps can be obtained.Once
preset value is reached the firing angle representing
preset value is maintained constant.

Ves > Present selected Tap Voltage

Figure 4: Firing control between upper tap
voltage & selected tap voltage

In this condition firing control is being performed
between Present selected tap and upper voltage tap,
to increase the voltage further to reach preset voltage
as given above in figure 4

Condition: 2

Vet < Present selected Tap Voltage

——— > Selected
Tap voltage
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Figure 5: Firing control between lower tap voltage
& selected tap voltage
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In this condition firing control is performed between
Present selected tap and lower voltage tap, to reduce
the voltage further to reach preset voltage as given in
above figure 5

5. Simulation Circuit

A simulation model of static OLTC with sequence
control is modeled with 7 Tap 132Kv /11Kv, 16MVA
automatic OLTC with taps on primary side (HV side)
is shown below in figure 6.

Automatic OLTC controls within £10% change of
nominal secondary voltage. The upper most tap
represents -10% change to nominal voltage, while
lower most tap represents +10% change. For
convenience Taps on primary side are numbered
from -3 to 3 with center tap as 0, representing total 7
taps on primary side. Simulation model of automatic
OLTC is designed to maintain 11kv on secondary
side i.e., with 132kv on primary side at Tap O
position reflects 11kv on secondary side.
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Figure 6 Simulink model of automatic static tap
changer with sequence control
Simulation starts with automatic OLTC at tap 0
position. Operation of present automatic OLTC
involves two controls .One Sequence control
mechanism starts when secondary voltage at load end
changes from +0.1% to %£3.3% of 11lkv and the
second one tap changing mechanism operates if load
voltage change is above +3.3% of 11kv after a pre-
defined delay. The tap changing operation occurs till
secondary voltage is within preset dead band i.e.,
+3.3% to -3.3%.0Once tap operation stabilizes tap
position, with delay sequence control follows to
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reduce the voltage change to 0.1% of 11kv.Hence
due to tap changing mechanism we can reduce the
large difference in voltage change to £3.3% of 11kv,
but 11kv may or may not be obtained. To reduce
voltage change precisely to 0.1% of 11kv sequential
control method is used. Present simulated model
equipped with sequence control is tested for voltage
rise and fall and simulation results of both with and
without sequence control are presented below in
detail.

6. Simulation Results

The performance of automatic OLTC is tested for
two cases, first one for rise in voltage and the second
one for drop in voltage. These rise and drop in
voltage is created by pre-programmed voltage source
at primary end. Results of automatic OLTC with and
without sequence control for voltage changes are
simulated and compared.
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Figure 7 Simulation result without sequence
control but with GTO assisted tap changer

Simulation is performed with sudden load change at
start and programmed source voltage changes
(transformer primary voltage) at two instances i.e., at
t=2 and at t=4.Drop in the secondary voltage from
11kv can be observed at starting resulting voltage
drop to 10.78kv at load end shown in figure7.
Voltage difference being outside the dead band
+3.3%, tap operation takes place from 0 to +1
resulting 11.14kv which is within dead band. At t=2
instance source voltage suddenly increased from
132kv to 142kv resulting 11.59kv outside dead band
+3.3% on secondary end, then OLTC operates to
limit error within dead band by switching taps in
upper direction from +1 to -2, resulting 10.88kv,
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again at t=4 source voltage changes to 124kv
resulting drop in secondary voltage to 9.8kv .Hence
automatic OLTC reacts to reduce that change by
operating taps from -2 to +2 stabilizing voltage at
10.83kv .OLTC with sequence control is simulated
for same voltage changes at same instances and
results obtained are shown in figure 8.
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Figure 8 Simulation result with sequence control
and GTO assisted tap changer

As in automatic OLTC without sequence control, Tap
changing continues till secondary voltage is within
dead band. Once tap switching is completed with
some delay the firing angle control system varies
firing angle between taps to reduce error to 0.1% on
secondary side, sequential control system stabilizes
the firing angle once error is within +0.1% of
11kv.To show the full functioning of automatic
OLTC with sequence control the same programmed
source voltage changes are used. Simulation is started
with sudden load change resulting in voltage drop
from 11kv to 10.78kv. Error being outside dead band
+3.3% tap changes from 0 to +1 takes place resulting
11.14kv .Once OLTC stabilizes at tap +1 with some
delay, sequential control system starts between Tap 0
and Tap +1 to reduce error to within £0.1% resulting
11kv, which can be observed in figure 8. Similarly at
t=2, the source voltage suddenly increased from
132kv to 142kv resulting 11.59kv on secondary side.
The automatic OLTC operates to decrease difference
by switching taps in upper direction from +1 to -2,
resulting 10.88kv followed by sequence firing control
between Tap -2 and Tap -1 to reduce error within
+0.1% of 11kv resulting 10.99kv.Again at t=4 source
voltage changes to 124kv resulting drop of secondary
voltage to 9.800kv .Hence Voltage difference is
reduced by operating taps from -2 to +2, stabilizing
voltage at 10.83kv followed by sequential firing
control between Tap +2 and Tap +1 to reduce error to
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1+0.1% of 11kv resulting 11kv.Taps that are operated
during simulation process of Automatic OLTC with
and without sequence control for load and pre
programmed source changes are shown in below
figure 9.
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Figure 9 Automatic OLTC tap operations for
changes in load and source

7. Results

Comparison of secondary voltage of automatic tap
changer without and with sequence control is
tabulated below in brief .The performance of
Automatic OLTC with sequence control is compared
with Automatic OLTC without sequence control for
drop and rise in primary voltage levels at two
instances at T=2 and at T=4. In table 1 and table 2
\With (AVR) tap changer represents Automatic
OLTC without sequence control and AVR tap
changer with sequence control represents Automatic
OLTC with sequence control mechanism. The
voltages changes at instant T=2 are represented in
table 1 similarly at T=4 in table 2 .The change of
primary voltage at instant T=2 is tabulated as, before
instant T=2 and after instant T=2 it represents voltage
changed from 132kv to 142kv at T=2.This change in
primary voltage reflects change in secondary voltage
from reference 1lkv to 11.59kv. The OLTC
secondary voltage of AVR tap changer ,after tap
operation changes from 11.59kv to 10.88kv at T=2
and at the same instant AVR tap changer with
sequence control, after tap operation and sequence
control improves voltage from 11.59kv to 10.99kv as
mentioned in table 1.Similarly in table 2 ,voltage
changes at instant T=4 are mentioned for drop of
primary voltage from 142kv to 124kv.In both
instances we can observe the secondary voltage of
Automatic OLTC with sequence control performs



better than Automatic OLTC without sequence
control, maintaining secondary voltage close to
reference voltage (11kv) with error less than £0.1%.

Table 1: Voltage changes at instant T=2 in

Simulink

At instant T=2

. Change in Secondar’
Transformer | Primary Voltage gvoltage y
trol
eontro Before After
Before | After control control
operation | operation
With (AVR)
tap changer 132kv | 142kv | 11.59kv 10.88kv
AVR tap
changer with | 4301 | 142ky | 11.50kv | 10.99kv
sequence
control

Table 2 Voltage changes at instant T=4 in

Simulink

At instant T=4

Primary Change in Secondary
Transformer Voltage voltage

control Before After

Before | After control control

operation | operation

WIth (AVR) 1y jony | 124kv | 9.8kv | 10.83kv
tap changer
AVR tap

changer with | 1o\ | 128y | 9.8kv 11kv
sequence
control

8. Conclusion

In this paper, conventional mechanical OLTC is
replaced with GTO assisted tap changer with

sequence control. The

new model designed will

eliminate contact wear, arching and replacement
costs which are associated with their mechanical
counter parts. The absence of movable mechanical
parts makes it lighter, quicker and more efficient. The
sequence control added to the GTO assisted OLTC
maintains transformer secondary voltage within
+0.1% tolerance.

The new model can perform better voltage control
than the conventional OLTC transformer and will
increase the overall system reliability
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