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RESEARCH ON CONTROL STRATEGY OF DUAL ACTIVE
BRIDGE DC-DC CONVERTER BASED ON EXTENDED
PHASE SHIFT

ABSTRACT

As a crucial component in the integration of energy storage devices
into microgrids, the utilization of DC/DC converters has garnered
increasing attention. The Dual Active Bridge (DAB) converter, despite its
advantages such as compact size, high energy density, and bidirectional
energy flow, suffers from significant efficiency loss, prolonged response
time, and poor reliability. It holds potential for delivering more flexible,
efficient, and reliable energy management within DC microgrid systems.
However, when employing the traditional single phase shift control
strategy in the dual active bridge converter, it is constrained by a lack of
flexibility in control and may generate current countercurrents leading to
increased power consumption and reduced lifespan. To mitigate
disturbances on the side bus of power electronic transformers (PET) and
their impact on transformer performance at other ports an improved Extend
Phase Shift (ESP) control strategy is proposed herein. A zero backflow
power control point is designed to analyze operation modes and backflow
power under improved extended phase shift control while also designing a
zero backflow power control point within the control area. Furthermore, a
system power balance control strategy is investigated with the aim of
introducing inverter output power to reduce voltage fluctuations on the
secondary side of the converter. Simulation results demonstrate that this
power balance control strategy based on improved extended phase shift can

effectively suppress voltage fluctuations at transformer side buses while
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ensuring good dynamic and steady performance for inverter output voltage
and current.

The main content of this project is as follows:

Firstly, the topology structure of DAB was analyzed, this includes its
operational mode and principle under the traditional single-phase shift
control strategy. In the context of control methodology, the analysis
encompassed the forward transmission power and reverse transmission
power under traditional single-phase shift control. Ultimately, the
examination focused on the transmission power characteristics.

Secondly, we presented the fundamental concept of extended phase
shift control. By considering various internal and external phase shift
angles, the converter can be categorized into two operational modes. We
conducted an analysis of power transmission characteristics, reverse
power, soft-switching features, and optimized current stress in these two
modes. By conducting simulation experiments, we juxtaposed the steady
state and dynamic performance of the converter under single-phase shift
(SPS) control and extended phase shift (ESP) control. The simulation
results reveal that EPS control surpasses SPS control in dynamic
performance and efficiently alleviates current stress, thereby eliminating
return power.

Based on the size of the internal and external phase-shifting angles of
the extended phase-shifting control, the control domain of the converter
was further classified, and a zero-return power control point was designed
within the control region. With the aim of system power balance, a system
power balance control strategy is studied, which introduces the power of
the inverter into the DAB converter to reduce voltage fluctuations on the
secondary side of the DAB. According to the simulation findings, the
bidirectional DC-DC power balance control strategy relying on extended

phase shifting demonstrates adeptness in curtailing voltage fluctuations on
Vil
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the PET secondary side bus, the inverter's output voltage and current
exhibit commendable dynamic and steady-state performance.

Finally, the DAB system was designed, including the selection and
calculation of related components such as main circuit parameter design,

power switch transistor design, and inductor design.

KEY WORDS: Double active bridge converter, enhanced extended phase-
shift control, backflow power, power balance, zero backflow power control

point
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