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Abstract

The connection of a large number of distributed power stations to
the grid has led to the necessity of making some changes in the electrical
distribution system. One of the important parts of power systems is the
power transformers, which must be well adapted to be able to meet the
required changes. Therefore, the Solid State Transformer recently appeared
as a suitable alternative to the traditional transformer in future networks.
These new transformers have some characteristics such as their small size
and weight, and provide many advantages in their work, such as the
possibility of controlling the direction and amount of power flow,
improving the quality of power, the possibility of controlling voltages,
compensating reactive power and other advantages that are not available
in the traditional transformer. In this thesis, SST are examined with regard
to their components, mode of operation, their mathematical analysis,
construction and design steps and control methods. With the ANSYS
Maxwell 3D software, various core shapes for the high-frequency isolating
transformer were designed and modeled. One of the designs proposed in
this thesis is to create a cavity in the magnetic material that makes up the
core and compare its performance after modeling it with other cores
mentioned in the sources. The simulation results showed the success of the
idea of this proposed design in terms of reducing weight and saving in raw
materials with a slight decrease in the coupling factor. On the other hand,
the second section of the components of solid-state transformers is the
power electronic converter, which were reviewed in this thesis in its
various stages. The MATLAB/Simulink program was used to develop
simulation models of the three-phase solid-state transformer based on a
Modular Multilevel Converter that is controlled using the sorting algorithm
in its first stage, and on the Single Active Bridge converter. Dual Active
Bridge, which is controlled using the phase shift method in its second stage,
and on the traditional three-phase power converter (inverter) in its last
stage. Also, a laboratory model of a miniature solid-state transformer was
presented using single active bridge, and it was found from the simulation
and experimental results that it was in great agreement with the results of
the mathematical analysis that was presented in this thesis.
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