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High-Power-Density
DC-DC Converters in DC

Microgrids

The dc microgrid—fast becoming one of the key future distribution systems—exhibits

efficiency in the transmission line using a smaller number of power-conversion stages.
What role do dc-dc converters play, and how can you achieve the highest power

density with them?

icrogrids are essentially a network of loads
and local power generations (distributed
generations), along with energy storage sys-
tems.

The most efficient way to increase the use of renewable-
energy sources, such as solar, wind, water, and various forms
of biomass, is to make use of renewable energy systems in
smart cities, villages, townships, etc., that have reasonably
large populations of energy consumers.

This article will focus on high-power-density dc-dc con-
verter architectures for dc microgrids. A variety of energy
sources employed by dc microgrids need energy-storage
systems (ESS) to stabilize grid systems. Figure 1 shows a
single photovoltaic (PV) generator with two battery ener-
gy-storage systems (BESSs) and a dc load. The distributed
energy storage units (DESUs) are BESSs that have
bidirectional converters with the ability to dis-

Let’s take a look at some power electronic converter (PEC)
architectures for dc microgrids.!

Single-Phase, Non-Isolated, Bidirectional DC-DC
Converters

Our first option is bidirectional dc-dc converters, which
are able to interface BESSs with the dc bus. We will exam-
ine non-isolated bidirectional dc-dc converters that are
employed when galvanic isolation and high-step-up or step-
down of voltage isn’t required, such as in isolated convert-
ers. The choice for this case is the buck-boost (half-bridge),
which will enable power flow in and out of the BESS. The
bidirectional half-bridge is the most used architecture in dc
microgrid applications.

The table presents a comparative study of single-phase

charge and charge. The multiple-BESS architecture
is preferred for reliability and redundancy in case
of damage.

PV ARRAY

DC-DC Converier

The direct-current (dc) microgrid is an impor-

tant subject of late since it has high reliability and
low losses, and it distributes dc power needed by
loads on a campus. Power generation in dc mi-
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crogrid systems can be ac or dc; however, in most
cases ac power supplies are converted to dc for

distribution. One key advantage of dc microgrids,
as compared to ac systems, is the use of a unidi-

rectional power flow. Power control in these dc
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systems are easily controlled by the power-flow
direction.

DC Bus

1. Shown is a typical dc microgrid structure. (Source: see Reference 1)
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Bgllreci](t)nal SoC Discharge Discharge DC Bus Capability of Number of active and
0.;"“; e Rate (seconds) Current (A) Yoltage The Converter passive element
YP regulation
Half Bridge or 15 43.0 Double Quadrant 2 Mosfets, 2 Capacitors
Buck-Boost ) . Yes Operation 1 Inductor
Cascaded Buck- Four Quadrant 4 Mosfets, 2 Capacitors,
Boost 0.8 88.0 Yes Operation 1 Inductor
Sepic 0.48 53000 No Four Quag‘mm 2 Mosfets, 3 Capacitors,
Operation 2 Inductors
Buck-Boost with )
2 Quadrant 2 Mosfets, 2 Capacitors,
Tapped Inductor 15 60.0 Yes Operation 2 Inductors

A comparative study of single-phase bidirectional non-isolated converters

bidirectional non-isolated converters. The summarized re-
sults, under discharging operation only, are for four types
of these converters: buck-boost half-bridge, cascaded buck-
boost, buck-boost with tapped inductor, and SEPIC.

In summary, the bidirectional cascaded buck-boost (CBB)
converter had a higher discharge current as compared to a
conventional half-bridge. It also has four quadrants as com-
pared to the half-bridge, which has only two quadrants. This
deems the CBB a better suited power solution for higher
power applications as well as applications needing energy
sharing among distributed users based on load demand.

Among all types of dc-dc converters, the bidirectional
CBB converter will typically achieve the highest efficiency
due to its low voltage and smaller current stresses. It’s the
key to interconnecting the dc sources and energy-storage
components as well as managing the power flow. These fea-
tures lead to high power density.

Dual-Active-Bridge (DAB) DC-DC Converter

The DAB converter is widely used in dc grid designs.? The
advantages of this architecture are high power density, elec-
trical isolation, bidirectional energy flow, and simple soft-
switching control. This architecture acts as a power electron-
ic interface between the ESS and the dc bus in addition to
bidirectional flow of power between the energy components
and the dc bus.

The DAB converter is able to convert electrical energy
at high frequency through a two-stage

mary and secondary sides on the transformer. The primary-
side full bridge connects to a storage battery through an LC
filter, and the secondary side is connected to the dc bus. The
power of a DAB converter is transmitted through inductor
Ly, in Figure 2.

Let’s now look at the control strategy of a virtual dc ma-
chine (VDCM) for the converter interface to suppress the
voltage dip of the dc bus and improve the power quality.
When the new energy changes suddenly, it triggers load
switching and disturbance of the large power grid. A dc
voltage dip is caused by the sudden change in micro-source
power, load switching, and ac grid disturbance in the dc mi-
crogrid.

Applying the VDCM control in the DAB converter
changes the external characteristics of the ESS and enables
it to have the inertia characteristics of a dc machine. This
technique leads to a much improved droop, with the use of a
dc machine, over traditional droop control methods (Fig. 3).

The front port U, and I, are connected to the dc output
terminal of the battery, and the back end U, and I, are linked
to the common dc bus:

Hﬂ): I:u _I:. _é(&)_ d;l[l)

In the equation, H denotes the inertia time constant in a
dc machine, £ is the damping coefficient, w and w,, are the
mechanical angular velocity and rated value of the dc motor,
respectively, and T, and T, are the mechanical and electro-

structure of dc-ac and then ac-dc. The I b
topology of a DAB converter is shown ° >
in Figure 2. DAB

The topology is composed of a high cDu(rjlfv[égei Uz

frequency transformer (T) with a volt-

age ratio of 1:n, an inductance (L),
along with active full bridges on the pri-

2. This figure illustrates the topology of a DAB converter.
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3. The VDCM model shown here is represented by the mechanical rotation equation (see the
equation in the article) and the electromotive force balance equation of the armature circuit in a

dc machine.

magnetic torque, respectively.

Virtual synchronous generator (VSG) control is used in
ac interfaces to simulate the characteristics of a synchronous
motor, and the dc interfaces use VDCM control to mimic
the dc machine’s characteristics. This effectively enhances
the inertia and damping of the energy router.

To summarize, we've looked at the problem of a dc voltage
dip that’s caused by a quick change in micro-source power,
load switching, and ac grid disturbance in a dc microgrid.
VDCM is proposed here to simulate the inertia characteris-
tics of a dc machine. We use a DAB dc-dc converter as the
application scenario. This converter has many advantages
for electrical isolation, high power density, bidirectional
flow of energy, and easy realization of soft-switching con-
trol. Simulations have shown that VDCM is able to effec-
tively suppress voltage fluctuations, reduce voltage dip am-
plitude, and improve voltage quality. High power density is
achieved with this method.

Bidirectional Three-Port DC-DC Converter for Battery
Apps in DC Microgrids

The triple-active-bridge (TAB) converter has the advan-
tages of galvanic isolation, bidirectional power transfer, and

s

SS]

low number of components.>

Conventional TAB converters re-
quire power decoupling control to
remove power correlation between
ports, which adds complexity to the
system design. Moreover, it induces
circulating current in the ESS port
even when not used, which will de-
crease the total power-conversion efficiency.

A solution to these problems is the isolated bidirectional
three-port dc-dc converter, which has high power density,
the absence of the need for a power decoupling control, and
low circulating current in the ESS port (Fig. 4).

So, in summary, the bidirectional three-port dc-dc con-
verter, discussed above, has the following advantages:

o High power density and low cost because there’s
one less inductor than a conventional TAB converter.

° Less circulating current in the energy-storage port
when it’s not being used.

o Simple control as compared to the conventional
TAB converter, which would need more inductors and an
additional decoupling control algorithm.

Conclusion

The dc microgrid is an excellent system that intercon-
nects dc output sources and supplies high-quality power dc
microgrids that use many different types of energy sources.
These sources need ESS to stabilize power grid systems. This
article has shown some advantages of using different dc-dc
converter architectures that contribute significantly to high-
power-density improvements for dc microgrids.
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4. A three-port dc-dc converter consists of three active bridges with one high-frequency transform-

er and two coupling inductors (the TAB converter has one coupling inductor for each active bridge).
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