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Abstract The research paper presents the comparative analysis of MATLAB model
of a regulating transformer (RT). Two MATLAB models are built for analysis. Each
model contains two type of blocks of regulating transformer. One block is phasor
type, and the other is detailed type Simulink block. Difference between both types
of blocks used and integrated in both models are explained in the research paper.
On-load tap changers are used for voltage regulation by altering the turn ratio of the
transformer after connecting a tapped winding on each phase. In first model, model 1
is detailed type integrated with model 2 which is phasor type. In second model, both
model 1 and model 2 are phasor type. Both models are connected in parallel with each
other through a distribution network rated 25 kV. Therefore, Simulink models are
developed two times with different types of regulating transformer blocks. The results
are obtained after simulation of both Simulink MATLAB models, and four traces of
tap positions, superposition of voltage, active power, and reactive power are observed
to analyze the impact of voltage regulation because of the tap change regulating
transformer. The research paper also focuses on observing and comparing the speed
of simulation when we switch from first model to second model of distribution
network connected with regulating transformers.

Keywords Regulating transformer (RT) - On-load tap changers (OLTC) - Phasor
type model - Detailed type model - Distribution network - Voltage regulation -
MATLAB Simulink

1 Introduction

In today’s world, stabilization of voltage in distribution network is a major concern
specifically during loading conditions. Non-stable voltage conditions may lead to
frequent faults, wear, and tear of equipment and devices. To overcome this short-
coming, voltage regulation is performed by the transformer using various methods.
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One of the method for regulating the voltage is by using tap-change regulating trans-
former during on-load conditions. Using thyristor for auxiliary switch solved the
problem of arcing during tap changing. Recently, based on the concept of bidirec-
tional thyristor, solid-state relays are used because of their non-contact feature while
tap changing [1]. It enables the voltage regulation even during the voltage sag or
swell associated with the distribution network of the microgrid [2]. The regulating
transformer consists of two units, i.e., series and parallel units. The parallel units are
given input by series units so as to have an injection of voltage into distribution trans-
mission system [3]. Strict regulation of voltage is necessary because of the attached
sensitive electronics. A properly regulated voltage permits for higher voltage drop
in output of distribution network and can enhance the reduction of weights of cables
connecting the network. It can be achieved by using (R-TRU) regulated transformer
rectifier units [4]. High efficiency and improved power density is can also be achieved
by partial energy regulation but adding the auxiliary transformer in isolated topology
is not preferential as it do not give any advantage while improving power density [5].
It is also observed that polarity of any associated CT is should be reversed manually
because the voltage regulation is severely influenced by protection calculation logic
[6].

In first model, the detailed type model 1 represents the tap changing switches
and characteristics of the transformer, while the phasor type model 2 uses current
source for simulation. Model 1 is can be simulated in continuous or discrete mode of
simulation, but model 2 is can be simulated in phasor mode of powergui only. This
makes the model 2 much faster in simulation speed as compared to model 1. Model
2 is preferable to be used for studies of transient stability. Changes in phasor voltage
and current can be observed using model 1. So in order to make system much faster,
model 1 of first model is deleted and replaced by the model 2. After replacement,
we receive a whole new different second model which makes the simulation of the
model, even much faster.

2 Literature Review

Voltage regulation is very important to maintain stability of the buses of distribution
network as frequent unregulated changes may lead to severe faults. The voltage
regulation is given by Egs. (1) and (2) as shown.

V = (Vo.R)/(R* + x*)'* (1)
The efficiency of the voltage regulation is 71% which very low and undesired by
the customers. The impedance magnitude is related to R by the coefficient ¢, i.e.,

= X/R.

V= (VeN)/(1+ >N @
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For real solution of N, 0 < @ < 0.5 corresponding to N positive solutions by 1 <
N < /2. So, maximum regulation is possible if the regulation transformer ratio is
maximum with value of 1.414. Also, to compensate the losses, capacitor bank is also
used as static compensator connected in parallel with the load [7]. The regulating
capacity is enhanced by using new product, i.e., capacity regulating transformer
during on-load conditions as is energy saving a specifically used by industrial enti-
ties and mining enterprises or at the places where there is a variation in seasonal load
[8]. Different operating conditions are studied to understand the changing nature of
power network by modeling of transformers. The types of regulating transformers
include phase shifting (PST) and under-load tap changing (ULTC) transformer as
they regulate the voltage without interfering with the load [9]. The structure of a
UHYV transformer is highly complex as compared to EHV transformers because of
the complex interaction between the parts of transformer leading to complex differ-
ential current affecting the working of the differential relay [10]. With the developing
economies, the demand of distribution transformers are increasing heavily as they
are important equipment in distribution network [11]. So it is very important to build
smart, intelligent, and practical strategies to develop the new types of transformer
for different new applications with proper safety and speed of operation [12]. The
mechanical contacts lead to shocks while connection and arcing during disconnec-
tion. The capacitor banks generates more loss due to fluctuations and deviation in
voltage [13]. Strong internal resonances are produced due to the regulating winding
while choosing the tap position leading to a building up of high resonant voltage in
regulating winding thus leading to initiation of ground faults in feeding cable [14].
During fixed tap position, less on-state resistance is provided by mechanical contacts
leading to less power loss; however, wear-less commutation is provided by the semi-
conductor devices while performing the tap change [15]. The generated arc during
switching of the mechanical taps increases with increase in the capacity and load
current of the regulating transformer. This leads to vaporization and decomposition
of insulating oil to generate gas leading to a surge in insulating oil which is not
a favorable circumstance under current required conditions [16]. These limitations
should be overcome while using tap-change regulating transformer in near future
by using IEEE draft standards for general requirements and test code for regulating
transformers [17-22].

3 Simulation Model

Two MATLAB Simulink models are developed each containing model 1 and model
2, with the help of Gilbert Sybille (Hydro-Quebec) model. Both model 1, 2, and
3-9 regulating transformer with rating 47 MVA, 120 kV/25 kV Wye/Delta. The first
case of model containing model 1 and model 2 is shown in Fig. 1.

The tap changer is connected in the HV side, i.e., 120 kV side, and transformer
regulates the voltage associated with the buses B2 and B4 at 25 kV side. Tap changer
has nine switches from zero to eight. Tap zero is nominal position initially with
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Fig. 1 Detailed-Phasor model of regulating transformer (First case of model)

120 kV/25 kV ratio, and there are total eight different positions for changing the tap
from one to eight number. To have positive/additive or negative/subtractive position
of tap, reversing switch is added with the regulation winding to allow reverse connec-
tions. The voltage correction is possible for £0.01875 p.u. of 25 kV at secondary
side voltage or +1.875% of 120 kV of nominal voltage. Hence, range of voltage
variation allowed is 102-138 kV or 0.85-1.15 p.u. by tap change of 2.25 kV or
0.01875 p.u. per step. Voltage regulators receive input from buses B2 and B4 in the
form of positive sequence voltage with reference voltage at 1.04 p.u. The factor by
which transformers boost the voltage with initial position of tap set at —4 is 1.081.
Depending upon the need of voltage regulation, the ‘Up’ or ‘Down’ outputs are
generated by pulses using the tap changer to move the tap in upward or downward
direction for effective voltage regulation. The range of voltage is should be (1.021
<V < 1.059) p.u. at buses B2 and B4 until the tap position does not reach +8 or —
8 position. So the permissible error range is 0.01875 p.u. The second case of model
containing model 1 and model 2 is shown in Fig. 2.
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Fig. 2 Phasor-Phasor model of regulating transformer (Second case of model)

4 Results and Discussion

The changing of tap is a quite slow process as it is amechanical process. It almost takes
four seconds to change the tap position. The simulation time is set to 120 s (2 min).
At starting, the nominal voltage is being generated by the source, and programmable
voltage source is implemented to change the voltage of the system to see the effect
on the performance of the tap changer during loading condition of 120 kV system.
Later, the voltage is decreased and increased progressively to 0.95 p.u. at time t =
10 s and 1.10 at time t = 50 s. Various curves/traces were observed and plotted as
can be seen in the results above. Figures 3 and 4. display the position of tap of the

Tap Positions

Time (sec)

Fig. 3 Tap positions (first model) versus time
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Fig. 4 Tap positions (second model) versus time

tap changers during entire simulation of 120 s. Figures 5 and 6 display the positive
sequence voltage superposition at bus B1 (120 kV), bus B2 (2 kV), and bus B4.
Figures 7 and 8 display the reactive power, while Figs. 9 and 10 display the active
powers of buses B1 and B3 on 120 kV voltage side. A total of 15 MVAR capacitor
banks are used for voltage compensation. The voltage regulator regulated the voltage
successfully using the tap changers during loading conditions.
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Fig. 5 Voltage variation at B1, B2, and B4 (first model) versus time
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Fig. 6 Voltage variation at B1, B2, and B4 (second model) versus time
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Fig. 7 Reactive power at B1 and B3 (first model) versus time
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Fig. 8 Reactive power at B1 and B3 (second model) versus time
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Fig. 9 Active power at B1 and B3 (first model) versus time
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Fig. 10 Active power at B1 and B3 (second model) versus time
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5 Conclusion and Future Scope

In this paper, two models of distribution network are built among each of which, two
regulating transformers are integrated through parallel connection using MATLAB
Simulink blocks. After achieving the desired results and analyzing them, it was
observed that second model with phasor-phasor type integrated model runs two and
half times faster as compared to detailed-phasor type integrated model connected
parallel to the distribution system. Algebraic loops are broken by using first-order
transfer function due to which some glitches are observed in voltage during step
down at time t = 10 s and during step up at time t = 50 s which are can be ignored.
The tap positions of the tap changer are varied to stabilize the voltage at the buses
in the permissible limit of voltage range in p.u. (1.021 < V < 1.059). When the
internal voltage of the source decreases or increases, tap positions are varied in
lower or upward direction to attain stability of voltage at the buses. Hence, voltage is
regulated by regulating transformer at the different buses using on-load tap changer,
and finally, the system stabilizes at voltage at 1.043 p.u. achieved at tap position
+1. In future, on-load tap change phase-shifting transformer is can be built using
phasor-phasor and detailed-phasor type MATLAB Simulink model.
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