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Abstract

A high-frequency power electronic converter which has been used for the distribution of power transformer is known as
solid-state transformer (SST). An SST with three-stage configuration commonly comprised of de—ac inverter as well as
isolated dc—dc dual-active-bridge (DAB) converter along with ac—dc rectifier. While driving“a regulated single-phase
dc—ac inverter, issue regarding the controller design has been addressed in this study for a“dc—dc DAB converter.
Whereas the inverter stage switching frequency is high as compared to the DAB stage, as a double-line-frequency the
single phase inverter is model current sink (e.g., 100 Hz). The single-phase’inverter with the effect of T00Hz,current has
been studied. at 100 Hz low gain with PID-controller has been investigated with limitation. For the improvement of the
regulation of DAB converter output voltage, some approaches were anticipated-for themusage\ of controller with an
additional proportional-integral-derivative in the loop of feedbagck.

Keywords: DC-DC power converters, pulse width modulation cenverters, power smoothing.

1.1 INTRODUCTION

The Smart Grid is the emerging paradigm indenergy generation and distribution, underpinning a concerted worldwide
effort to improve and modernize electricity supply networks. A major feature of this new electrical network is the move
to supply our energy demands with cleany renewable energy sources such as solar panels and wind turbines, rather than
fossil fuel based generation systems [1]."In electrical terms, this represents a fundamental change in energy generation,
moving away from non-volatile sources (e.g."fossil fuel fired power stations) towards volatile, non-schedulable sources
(e.g. solar panels, whose output'can be extremely variable). Tofsustain the grid in the face of these fluctuations in energy
generation, the Smart Grid must include non-volatile energy storage as part of its core structure, to provide grid support

and ‘ride-through’,eapability during times.of reduced primary energy production.

1.2 SOLID,STATE TRANSFORMER

The main role of SSTs ispthat they actsqas buffers among power grid, loads, distributed energy sources, and energy
storage devices. By decoupling the“load from the source, the consumers would not see the disturbance at the grid side
because the disturbanceyis compensated by the SSTs. This is the advantage of SSTs for consumers. At the same time, the
power grid would not“see the reactive power generated by loads, which is compensated by SSTs. Therefore, the
distribution system becames more efficient and stable. This is the advantage of SSTs for the power grid. Additionally,
SSTs are buffers for renewable power sources, which help reduce the impact of unpredictable and un-schedulable
fluctuations of renewable electric power sources on both power grids and loads.

2.1 A GENERIC STRUCTURE FOR ISOLATED BI- DIRECTIONAL DC-DC CONVERTER
Almost all isolated bi-directional DC-DC converters reported in the literature follow the generic structure displayed in
Fig. 1, and are essentially made up of two switching converters connected via an intermediate AC link that includes an

isolation/scaling transformer.
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The primary side converter converts the incoming DC voltage to an AC waveform, that has been applied to the
intermediate transformer. The secondary converter then rectifies and filters this AC signal, creating a DC voltage that can
be applied to a load. The symmetry of this structure allows the primary as well as secondary converters to swap roles

without issue, allowing bi-directional power flow through the converter.
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Fig. 1: The Generic Bi-directional DC-DC Converter Topolo

2.2 FLYBACK CONVERTERS
The operation of this converter is explained. When switch S1 has bee

been turned on, so the
the transformer secondary (V sec). Conversely, a net negative voltage appears when only S2 is on. The resulting AC

waveform is rectified to generate an isolated DC output voltage.

Fig. 4: A Current fed push-pull converter
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3.1 MODULATION

In this section, the modulation strategies that have been applied in the literature to full-bridge isolated bi-directional DC-
DC converters are presented and their key features described. The two key modulation strategies that have been applied
to these converters are Pulse Width Modulation (PWM) & block modulation. This section describes both these strategies

in terms of the H-bridge converter of Fig. 5, then evaluates their benefits and drawbacks.
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Fig. 5: Hébridge and Modulator

3.2 PULSE WIDTH MODULATION

PWM is one of the most popular bridge converter modulation schemes. Many different types of PWM schemes have
been proposed in modulation literature,sranging fromaNaturally Sampled & Regular Sampled PWM through to
Discontinuous Modulation schemes, to Space)\ector modulation, strategies. All these modulation strategies share a
common operating principlei-i.e. a high frequency switching pulse train whose widths vary more slowly to give a Low
Frequency average (fundamental)output AC wavefarm:

4.1 DYNAMICAMODEL LING

Having reviewed thedifferent topologies thatthave been applied to isolated bidirectional DC-DC converters as well as
their modulation techniques, this literature review now shifts focus to the dynamic modeling and control of these
converters.

An accurate dynamie, model is essential for the design of a high performance closed loop controller. Without such a

model, regulator design 18,essentially a heuristic process and maximized performance is not guaranteed.’

4.2 LINEAR CONTROL

Linear controllers are the most popular type of closed loop strategy proposed in the literature to regulate isolated bi-
directional DC-DC converters. A large number of linear controllers exist in the literature (Proportional + Integral
controllers, pole placement controllers, etc.). This section outlines their key design features and evaluates their
performance.

This review is simplified by the fact that all linear controller designs essentially follow the same sequential process, i.e.:
1. Regulator target variable selection

2. Loop design
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3. Regulator design
The step-by-step nature of this process is utilized in this review by presenting each alternative controller solution in the
context of this process.

5. RESULTS

The multistage ac—dc—ac—dc—ac configuration is implemented driving single-phase inverter. In this model a dc bus is
taken as a constant voltage source where interface between a medium-voltage distribution network 4.2 kV and a low-

voltage distribution network 230 V. The output voltage and the output current of the inverter stage are grid frequency,

while the input and output voltages of the dual-active-bridge (DAB stag) converter are d is model line frequency is

assumed to be 50 Hz , so the ripple current in the output capacitor is at 100 Hz.
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g. 7: Simulation Waveform of Output Voltage and Current

6. CONCLUSION AND FUTURE SCOPE
The multistage configuration of an SST, a dc—dc DAB converter drives a single-phase dc—ac inverter. The cascaded

connection of power converters poses a challenge for the closed loop controller design. A single-phase inverter has
significant second-order harmonic current in its input side A conventional Pl controller has limited bandwidth at 100 Hz
because of the relatively low switching frequency of the DAB converter. Simply increasing switching frequency would not
result in higher bandwidth. In future more robust and simple fuzzy technique also can be developed for second harmonics
problem. To achieve more accurate a nonlinear controller Fuzzy controllers can be designed based on the general

knowledge of the converters.
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