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Simulation and Analytical Investigation of Different
Combination of Single Phase Power Transformers
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Abstract—In this paper, the equivalent circuit of the ideal single-
phase power transformer with its appropriate voltage current
measurement was presented. The calculated values of the voltages
and currents of the different connections single phase normal
transformer and the results of the simulation process are compared.
As it can be seen, the calculated results are the same as the simulated
results. This paper includes eight possible different transformer
connections. Depending on the desired voltage level, step-down and
step-up application transformer is considered. Modelling and analysis
of a system consisting of an equivalent source, transformer (primary
and secondary), and loads are performed to investigate the
combinations. The obtained values are simulated in PSpice
environment and then how the currents, voltages and phase angle are
distributed between them is explained based on calculation.

Keywords—Transformer, simulation, equivalent model, parallel
series combinations.

I. INTRODUCTION

RANSFORMER is a static device which transfers energy
from one circuit to another without change in frequency.

An ideal diagram of a step-up and step-down transformer is

shown in Figs. 1 and 2, respectively. For the modelling of

transformer, it is important to note that the transformer is

assumed to be ideal, which means [1]-[4]:

1.  Winding impedances are negligible.

2. All the fluxes set up by primary link the secondary
winding, i.e. all the fluxes are confined to the magnetic
core.

3. The core losses (hysteresis and eddy current losses) are
negligible.

4. The core has constant permeability, i.e. the magnetization
curve for the core is linear.

5. Total apparent input power equals the total apparent
output power.

In this paper, a good explanation of one-phase operation in

a simple circuit in the primary and secondary terminals step-

up and step-down three-phase transformers is presented. So,

many programs in these days are available to simulate and
check the circuits. In this paper, we have used PSpice
environment due to its user-friendly simulation interface.

Modelling in this paper is valid for steady state ideal

transformer.

In a power system, at light loads, only one transformer
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would be employed, and as the load increased, additional

transformers would be connected in parallel as required.

Nowadays, operation of power transformers in parallel is

common and it is usually because of one of the following

reasons [5], [6]:

1. Increased load: If the power of a load needs to be
increased, one of the economical and easy solutions is to
add a second transformer in parallel operation.

2. Flexible operation: Transformers can operate in parallel in
several ways ensuring reliability, safety, critical load
selection, and ease of maintenance operation without
outage of service.

3. High power: Sometimes, it is the only way to operate in
high power applications due to size and weight
restrictions.

On the other hand, paralleled operation of power
transformers has some disadvantages: increasing short-circuit
currents, circulating currents that cause in increasing of copper
losses, overloading one of the paralleled transformers, and
reducing the permissible load kVA. When paralleling two
transformers, some conditions should be met, they are
mentioned here for single-phase transformers operating in
parallel that we use them for our analyzing and calculations
and simulations [7].

Voltage ratings and ratio of transformation should be equal.
Equivalent impedances are inversely proportional to their
current rating. Ratios of equivalent resistance to equivalent
reactance are equal.

For paralleling two transformers especially in transmission
and distribution systems, there exist some methods in
literatures. Depiction of the fundamental presumption of
operation for the most operated different paralleling methods
is as follows [8]. There are so many researches in the field of
parallel operation of transformers. One of the most attractive
fields is the investigation of circulating current [9], [10].

II. METHOD AND MATERIAL

For correct wiring, polarity marks are shown on circuit
schematics. The polarity mark is usually shown as a round dot
or adjacent to terminals. An ideal transformer circuit as a
controlled source is shown in Figs. 1 and 2.

Fig. 3 shows the measurement circuit for a one-phase
transformer, which is loaded with a resistive load and supplied
with a sinusoidal voltage, for measuring the current and
voltage values on the primary and secondary sides of the
transformer. We analyzed parallel-parallel connected step-
down transformer with a gain 0.5. The turn ratio of the
transformer is determined as 2:1. 220 V-110 V, 50 Hz
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sinusoidal source is used as supply source. The primary

windings of transformer are connected in parallel, and the

secondary windings are connected in parallel.
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Fig. 2 Ideal single phase step-up transformer equivalent circuit

The results of the eight different transformer connections
operating mode were obtained from analytical and simulations
measurement. These eight possible different transformer
connections have been simulated by PSpice program. The
obtained calculated and simulated values were compared and
validated. The transient analysis of simulation circuit is done
through two periods. Time interval of this simulation is 0—40
ms. Fig. 3 (c) represents the resulted voltage and current of
parallel-parallel connected step-down transformer (gain 0.5) of
the simulation process. In this circuit, the connection of
primary winding of the transformer is changing from parallel
connection to serial connection at 60 ms. Secondary winding
of the transformer serial connection is changing to parallel at
40 ms. Then, secondary winding of the transformer parallel
connection is changing to serial at 80 ms.
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Fig. 3 (a) Equivalent circuit of the parallel-parallel step-down
transformer
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Fig. 3 (c) PSpice plot of voltages and currents of parallel-parallel step-down transformer (gain 0.5)
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Fig. 4 (a) Equivalent circuit of the parallel-series step-down
transformer

Fig. 4 (b) Schematic of the parallel-series step-down transformer
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transformer Fig. 5 (b) Schematic of the series-series step-down transformer
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Fig. 5 (c) PSpice plot of voltages and currents of series-series step-down transformer (gain 0.5)
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Fig. 6 (b) Schematic of the series-series step-down transformer
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Fig. 6 (c) PSpice plot of voltages and currents of series-series step-down transformer (gain 0.5)
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Fig. 7 (c) PSpice plot of voltages and currents of parallel- parallel step-up transformer (gain 0.5)
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Fig. 8 (c) PSpice plot of voltages and currents of parallel-series step-up Transformer (gain 0.5)
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Fig. 9 (a) Equivalent circuit of the series-series step-up transformer
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Fig. 9 (b) Schematic of the series-series step-up transformer
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Fig. 9 (c) PSpice plot of voltages and currents of series-series step-up Transformer (gain 0.5)
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