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Abstract—Recently, much attention has been paid to
multiport bidirectional isolated DC-DC converters, particularly
in power distribution networks and renewable energy sources.
The single-input dual-output dual active bridge (DAB)
converter can minimize the coupling effect among the
inductances of the ports more so than the conventional triple
active bridge (TAB) converter by eliminating the inductance on
the input port. Therefore, the single-input dual-output DAB
converter can function as two separate DAB converters, thereby
significantly reducing the complexity of the model-based
controller. This study proposes a simple deadbeat control for the
single-input dual-output DAB converter under single phase-
shift (SPS) modulation. The proposed control does not require
any control variables when controlling the voltage at the output
port. The proposed method’s efficacy is demonstrated and
validated through simulation in various operation scenarios.

Keywords—Dual active bridge converter, Deadbeat control,
single phase-shift modulation.

1. INTRODUCTION

The multiport bidirectional isolated DC-DC converters
have attracted much interest due to their numerous
advantages, such as high conversion gain and power density
[1]-[8]. By removing the inductance on the input port, the
single-input dual-output dual active bridge (DAB) converter
can eliminate the coupling effect among the inductances
compared to the conventional triple active bridge (TAB)
converter. Hence, the energy routing of the single-input dual-
output DAB converter is quite comparable to the energy
routing of the conventional DAB converters [9].

In addition, the single-input dual-output DAB converter
has been the subject of significant research because of its
many benefits, including galvanic isolation, ultrafast
response, and high efficiency. In general, phase-shift
modulation methods appeal to the single-input dual-output
DAB converter because of their wide range of applications.
Four different types of phase-shift modulation methods, the
single phase-shift (SPS), the extended phase-shift (EPS), the
dual phase-shift (DPS), and the triple phase-shift (TPS), have
been suggested. When the direction of the power flow is
altered, it does not have the same effect on the operating states
of the two bridges used in EPS. In addition, the EPS and the
DPS need two control variables to be implemented. On the
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other hand, in practical implementation, TPS modulation is
the most challenging, returning with three control variables.
Therefore, it is easy to explain that one of the most
straightforward modulation methods is known as SPS since it
is very popular and simple. As a result, SPS is a way of
modulation that is generally ideal for ease of implementation
with only one control variable in this study [10], [11].

Many control methods based on the modeling of the
power converter have been investigated. Among them,
deadbeat control is considered one of the most effective
methods for controlling the voltage [12], [13]. In addition, the
deadbeat control does not require using any control variables,
which results in a considerable burden reduction in the
control design. From the abovementioned analysis, this study
proposes a simple deadbeat control to control the voltage at
the output port of the single-input dual-output dual active
bridge (DAB) converter SPS modulation.

The remainder of this study has been divided into the
following sections after the introduction. Section II details the
proposed deadbeat control for the single-input dual-output
DAB converter under SPS modulation. The phase-shift duty
ratio is derived directly from the system parameters and
measured values to control the voltage at the output port. In
Section III, simulation results in various operation scenarios
will be carried out to illustrate how effective the proposed
method is. Finally, Section IV will conclude the efficacy of
the proposed method and discuss possible future works.

II. DEADBEAT CONTROL FOR THE SINGLE-INPUT DUAL-
OuTPUT DAB CONVERTER

This section will construct a simple deadbeat control for
the single-input dual-output DAB converter with the reduced-
order model in a straightforward approach.

Fig. 1 shows the topology of the single-input dual-output
DAB converter. It consists of three active bridges, including
switches S, (i =1 ~4,j =1~ 3), two inductances L, and
L,, and the three-winding transformer with the turn ratio
n, :n, :n,. The inductances are composed of the leakage

transformer inductances and the additional inductances. C,,
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Fig. 1. Topology of the single-input dual-output DAB converter.
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Fig 2. Waveforms of the single-input dual-output DAB converter
under SPS modulation.

C,,and C, are the capacitors at the ports. All switches of the
converter operate at switching frequency f . The half-
switching period 7, =T/2=1/(2f), and T is the switching

period. Waveforms of the single-input dual-output DAB
converter operating under SPS modulation are shown in Fig.
2.

According to Fig. 2 and [14], B, is defined as the

transferred power from v, to v, and B, is defined as the

transferred power from v, to v,, which can be calculated
with the reduced-order model as shown in (1).

navv,
B, ,=—-Lp (1-D,),
oo, Y /

where n, =n, /nj and the phase-shift duty ratio D,

J=23 (1

determines the transferred power ;. When D, is between

0 and 1, the power is transferred with a maximum value at
Dy, =1/2.

Thus, the corresponding secondary current i , in the

steady state can be shown in (2).
. Lng
i, = Z}L_i D, (1-D,). )

On the other hand, the dynamic equation at the output port
can be written as shown in (3).

dv,
j?:l&j—l/" (3)

According to the forward approximation, (3) can be
written in discretized form at the £” and (k — 1) sampling
period as shown in (4).

[k] l\j[k_l]_lj[k_l]
v N =
J ij

In order to simplify the analysis, the phase-shift duty ratio
D,; issetas 0< Dy, <1/2in this paper. From (2) and (4), the

voltage at the output port can be rewritten as shown in (5).

+v, [k-1]. (4)

o [k=1]

v, [k]= 2PLC D, [k-1](1-D, [k-1])

_f%i’ [k=1]+v, [k-1]. (5)

J

For controlling the voltage at the output port, (6) is
obtained.

v [k]=v, .. (6)
where v, , is the desired value of v,.

From (5) and (6), the value of D,; at the k™ sampling

period in deadbeat control is calculated as shown in (7).

11 277G, o i[A]
Du[k]—z—\/z"'m("j[k] Vid 1, ] ()

According to (7), the voltage at the output port v, is
directly controlled by the corresponding D,; after each
sampling period. Obviously, D,; only requires the system

parameters and measured values. In addition, the proposed
deadbeat control does not necessitate any control variables,
which results in a relatively easy controller for
implementation.
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Fig. 3. Simulation results when the resistive loads step up and down

between 50 Q and 25 Q.

TABLE I. SIMULATION PARAMETERS

Parameter Symbol Value
Switching frequency f 10 kHz
Port 2 inductance Ly 50 uH
Port 3 inductance L3 50 uH
Port 1 capacitance Ci 220 uF
Port 2 capacitance (6)) 220 uF
Port 3 capacitance Cs 220 uF
Port 1 voltage Vi 80V
Port 2 voltage 2 70V
Port 3 voltage V3 75V
Transformer turn ratio nin2n3 1:1:1
Port 2 load Ry 25~50Q
Port 3 load R3 25~50Q

III. SIMULATION RESULTS

In this section, the efficacy of the proposed method will
be demonstrated by showing simulation results in various
operation scenarios. The simulation parameters of the
converter are shown in Table L.

Fig. 3 shows the simulation results of the proposed
method when the resistive loads R, and R, step up and down
between 50 Q and 25 Q. It is easy to see that the voltage at
the output port v, maintains its desired value with excellent

dynamic performance when the current suddenly increases
and decreases at 0.06 s and 0.14 s, respectively. For v, , it

shows the same quality of performance as well. In addition,
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Fig. 4. Simulation results when v2 4 changes between 70 V and 65 V.
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Fig. 5. Simulation results when v1 increases and decreases between
80 Vand 85 V.

v, (V)

the single-input dual-output DAB converter can function as
two separate DAB converters, meaning that the voltages at
the output ports do not affect each other, as shown at 0.06 s
and 0.1 s when the current is increased and at 0.14 s and 0.18
s when the current is decreased.
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Fig. 4 shows the simulation results of the proposed
method when v, , changes between 70 V and 65 V. Clearly,
the voltage at the output port v, shows excellent dynamic
performance. Besides, the voltage at the output port v, is not

affected by sudden changes in v, also.

Fig. 5 shows the simulation results of the proposed
method when the voltage at the input port v, increases and
decreases between 80 V and 85 V. It is easy to see that the
voltages at the output ports v, and v, demonstrate the same

excellent dynamic performance. That
effectiveness of the proposed deadbeat control.

proves the

IV. CONCLUSIONS AND FUTURE WORKS

This study proposed a simple deadbeat control for the
single-input dual-output DAB converter under SPS
modulation. The phase-shift duty ratio is directly derived
after each sampling period and only necessitates the system
parameters and measured values, resulting in a significantly
simple controller for implementation. Various operation
scenarios of the converter are utilized to verify the efficacy of
the proposed method.

Hardware experiments will further validate the proposed
method’s efficacy in future studies. Moreover, other
modulation techniques could also vary the proposed concept
with greater efficacy by minimizing the peak inductor
current, expanding the zero voltage switching (ZVS) range,
and reducing the backflow power. In addition, the
bidirectional mode of the converter will be studied further to
enhance the proposed concept.
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