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Abstract— The demand for electric vehicle (EV) chargers is
increasing alongside the spread of EVs. An onboard charger
(OBC) features an AC-DC converter that transforms grid
voltage into DC voltage while providing galvanic isolation. For
the OBC, a globally compatible voltage input and a wide voltage
output range are necessary, all while minimizing size and
maximizing efficiency. This paper presents a dual-active bridge
converter-based Swiss rectifier (DAB-SR). The proposed
topology comprises two dual-active bridge converters connected
in series on the primary side and in parallel on the secondary
side, together with a Swiss rectifier (SR). The converter operates
at unity power factor through DC-link current control applied
to the DAB-SR. Simulation results indicate that a sinusoidal
input current can be achieved using the current control method
employed on the DAB converters.

Keywords—Swiss Rectifier, DAB converter, Power factor
correction

I. INTRODUCTION

In recent years, Electric Vehicles (EVs) have rapidly
spread worldwide, supporting the transition to a decarbonized,
carbon-neutral society. This trend has resulted in a growing
demand for high-performance onboard chargers (OBCs) [1-2],
which have an AC-DC converter that converts grid voltage
into DC voltage. Besides the common goals of miniaturization
and high efficiency in power electronics, the output voltage
range has also become a design criterion for an OBC. EV
battery voltage is increasing every year and varies from model
to model [3]. Furthermore, as the output voltage varies with
the state of charge, future EV chargers must operate across a
broader range of output voltages [4]. In addition, there are two
general specifications for OBCs design [5]: one is the power
quality requirement according to the IEEE 519 standard [6];
the other is the safety condition implying that the AC system
must be galvanic isolated from the DC vehicle battery, as
specified in the UL 2202 standard [7].

A universal input is also required for the OBCs. Each
country has different power frequencies and voltages, as a
result, automobile companies must design and manufacture
OBC:s properly for each country or region. This diversity of
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electrical power systems worldwide raises manufacturing
costs; therefore, developing an OBC capable of worldwide
input will allow for cost reductions in manufacturing.

The authors are studying the DAB-SR as a three-phase
isolated AC-DC topology with universal input. DAB-SR is a
combination of the Swiss rectifier (SR) and DAB converters.
A Swiss Rectifier has been proposed by J. W. Kolar et al. as a
simple AC-DC converter with a simple circuit configuration
[8—10]. The Swiss Rectifier is a three-phase buck-type power
factor correction (PFC) rectifier with a non-isolated circuit.
With the expansion of the Swiss rectifier, circuit topologies
incorporating a phase-shifted full-bridge [11-13] or LLC
converter [14—15] on the second stage of an unfolding circuit
had been developed. However, these topologies encounter
limitations regarding the input-output voltage range. The
DAB-SR uses the transformer from a DAB converter to
achieve isolation, allowing it to function for both boost and
buck operations by modulating the phase shift amount. This
capability enables the DAB-SR to accommodate a wide range
of AC system voltages and DC bus voltages, facilitating
global input.

This paper first details the fundamental operation of the
dual active bridge (DAB) converter and Swiss rectifier, which
are the components of the proposed circuit. It then describes
the operating principle of the DAB-SR converter, followed by
an assessment of the DAB-SR performance through
simulation. The proposed converter enables galvanic isolation,
high power factor, and voltage boost/buck operation
simultaneously.

II. COMPONENTS OF THE PROPOSED CIRCUIT

DAB-SR combines the Swiss rectifier (SR) and DAB
converters. This chapter explains the circuit diagram and
operation of the DAB converter and Swiss rectifier, which are
the components of the proposed circuit shown in Chapter 11
below.
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Fig. 3. DAB-SR topology.

A. DAB Converter

Fig. 1 shows the circuit configuration of a DAB converter.
The DAB converter is a bidirectional DC-DC converter with
isolation [11]. The DAB converter consists of a high-
frequency transformer responsible for input-output isolation,
an inductor in series with the transformer, and two full-bridge
inverters. By varying the voltage waveform and phase
applied to both ends of the series inductor through the full-
bridge inverters on the primary and secondary sides, power
can be transmitted in both directions. The phase lag of the
current relative to the voltage facilitates zero-voltage
switching (ZVS) in the DAB converter; consequently,
switching losses can be minimized, and greater efficiency
can be achieved.

B. Swiss Rectifier

Fig. 2 depicts a Swiss rectifier, which is a unidirectional
three-phase buck-type AC-DC converter. The Swiss rectifier
comprises a three-phase diode rectifier equipped with a
bidirectional switch and a buck-type DC-DC converter
linked in the second stage. In a typical diode rectifier, a zero-
current period occurs when the voltage across the output
capacitor is higher than the input voltage due to the effect of
the output capacitor connected in the second stage of the
rectifier circuit. During this period, the diode does not turn
on and the input current does not flow; consequently, the
input current has a distorted waveform with harmonics. In
the Swiss rectifier, the three bidirectional switches Qu, Qv,
and Qy are switched synchronously at twice the system
frequency, and the third harmonic current is passed through
a buck-type DC-DC converter. As a result, the conduction
angle of the rectifier diode is widened, eliminating the zero-
current period of the input current and reducing distortion.
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Fig. 5. Current path of input waveform.

III. PROPOSED CIRCUIT TOPOLOGY

The proposed circuit (DAB-SR) is illustrated in Fig. 3.
DAB-SR is a circuit structure in which two DAB converters
replace the buck-type DC-DC converter, achieving both
power factor correction and galvanic isolation. The three-
phase AC voltage waveforms, the gate signals of the
bidirectional switches Qy, Qv, Qw in DAB-SR, and the DC-
link voltage/current waveforms are shown in Fig. 4. The three
bidirectional switches are switched at the moment when the
phase voltage polarity changes. As a result, the three-phase
AC voltages shown in (1) are converted to DC-link voltages
Vi L and Vge n, which are obtained respectively through the
difference between the maximum and medium phase voltages
and between the minimum and medium phase voltages, as
shown in Fig. 4.

Ve = Vi max COS(F)
2

Vy = Vi max COS(001 +§7r) ------------------------------- )
2

Vo =V max COS(01 —gﬂ)

Fig. 5. presents the current path at all sectors. It is
imperative to note that the current path in Fig. 5 is unity power

factor. As seen from Fig. 5(b), (f), (j) at the moment when
input voltage waveforms cross, since v, and vy are equal, the
voltage at point H and point C are also equal, resulting in a
high-side DC-link voltage V4. n of zero. On the other hand,
the high-side DC-link voltage Vg 1 is the maximum value
Vie max derived by (2), where Vi, is the line voltage of the
system. The DC-link currents igc n, iac_c, and igc 1 in Fig. 4 are
the maximum, medium, and minimum values of the three-
phase currents. However, the DC-link voltage and DC-link
current shown in Fig. 4 can only be obtained when the power
factor is unity. Therefore, an accurate power factor correction
is necessary.

IV. CONTROL SCHEME

As illustrated in Fig. 6, the control block of the DAB-SR
consists of several key components. In this paper, power factor
correction control is achieved by feeding back the input
currents iq i and igc L of the DAB converter.

The following section will elucidate the methodology for
calculating the command values in the input currents ig. g and
igc L of the DAB converter. Subsequent to the detection of the
three-phase system voltage, standardization is performed by
dividing by the system voltage. The command output power



idcﬁH

DAB
Converter

idcﬁL

Calculating the command values |

feedback loop

Fig. 6. Control scheme of DAB-SR.

P,* is then divided by the maximum DC-link voltage to obtain
the command current iq.*, as depicted in (3).

The command input current is determined by multiplying
the standardized three-phase system voltage and the command
current ig.*. It should be noted that the command input current
is a three-phase signal. By detecting the maximum and
minimum values of the command input current, the DC-link
current commands igc p* and i¢c L* can be obtained.

The subsequent section will describe the feedback unit.
The command DC-link currents (igc p* and i¢. 1¥) and the
measured DC-link currents (igc 1 and iqc 1) are compared, and
the phase shift angles 8y and 6. of the DAB converter are
modified according to the difference. This adjustment leads to
an alteration in the transmit power of the DAB converter and
enables indirect control of the DC-link current. Consequently,
a sinusoidal current is generated at the input side of the circuit.
In this configuration, the compensator G(s) assumes the role
of a PI controller, and the parameter Fi, serves to convert the
operating amount m of the PI controller into the phase shift
amount of the DAB converter. The expressions for G(s) and
F can be found in (4) and (5), respectively.

V. SIMULATION RESULTS

Table 1 shows the parameters of DAB-SR configuration.
The input voltage is set to 200 or 400 V to support an universal
input. The output voltage ¥, is 350 V, simulating the battery
voltage of a Nissan LEAF!8], DAB-SR performs boost and
buck operations depending on the system voltage, which are
verified in this paper by observing the circuit under both
conditions.

A. Input Waveform Analysis

Fig. 7(a) displays the input current waveforms when the
input voltage is 200 V (boost operation), and Fig. 7(b) presents
the input current waveforms when the input voltage is 400 V
(buck operation). It can be seen that the fundamental wave
achieved unity power factor for both boost and buck

TABLE 1. Parameters of DAB-SR.

Parameters Symbol Values
Input voltage Vi 200/400 [V]
Input frequency fi 50 [Hz]
(idvectonst swiety | 100 7]
e || 0
Rated power Py 3.7 [kW]
Output voltage Vo 350 [V]
Input inductance Lu, Ly, Lw 800 [1H]
DC-link capacitance Cu, CL 5 [LF]
Leakage inductance L, Lk L 11 [uH]
Output capacitance Co 500 [1F]

operations, proving that power factor correction is obtained
regardless of the operation.

However, ringing occurs in the input current waveforms at
the point when the voltage waveforms intersect. The input
inductors Ly, Ly, L and DC-link capacitors Cy, Cr. form an LC
filter in the current path, and resonance occurs at the moment
when the bidirectional switches Qu, Qy, and Q. are switched.
In the u-phase current depicted in Fig. 7(a), the ringing in
region A is measured at 5.38 A, while in contrast, it is only
1.05 A in region B. In Fig. 7(b), the ringing for the u-phase
current in Region A is 2.87 A, and in Region B, itis 1.19 A.
In region A, the ripple is 1.87 times larger at an input voltage
of 200V compared to when the input voltage is 400V. In
region B, the ripple is 1.13 times larger at an input voltage of
400 V compared to the 200 V condition.

B. DC-link Waveform Analysis

Fig. 8(a) shows the DC-link voltage/current waveforms
for an input voltage of 200 V (boost operation) and Fig. 8(b)
shows the DC-link voltage/current waveforms for an input
voltage of 400 V (buck operation). Compared to the
theoretical waveforms in Fig. 4, it can be seen that similar
patterns are obtained for both boost and buck operations.
However, ringing due to the switching operation of
bidirectional switches Qu, Qy, and Q. was observed in the DC-
link current during the period when the DC-link voltage was
stuck at 0 V.

C. Input Current Harmonics Analysis

Fig. 9 demonstrates the result of the u-phase input current
harmonics analysis when the input voltage is 200 V for the
boost operation and 400 V for the buck operation. The
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fundamental frequency is 50 Hz, and the amplitude of the
fundamental wave is assumed to be 1 p.u. As seen in Fig. 9,
the input current contains mostly odd-order harmonics, with
particular emphasis on the harmonics at the (6n + 1)-th order,
where 7 is an integer greater than or equal to 1. Notably, these
harmonics are more pronounced. The Total Harmonic
Distortion (THD) of the input voltage of 200 V and 400 V are
4.35% and 3.43%, respectively.

VI. CONCLUSION AND FUTURE WORK

This paper presents a DAB converter-based Swiss rectifier
configuration utilized as a three-phase AC-DC converter with
galvanic isolation for OBC development. Simulation results
indicate that a sinusoidal input current can be achieved and

that boost/buck operation is possible using the current control
method employed on the DAB converters. Additionally,
favorable outcomes were achieved for the total harmonic
distortion (THD) of the input current, which was determined
to be less than 5% for both boost and buck operations.
However, this study found that ringing caused by polarity
switching is superimposed on the input current, resulting in
significant current distortion, particularly during boost
operation. Applying a commutation to the semiconductor
devices on the rectifier side is expected to reduce current
distortion. In the future, we plan to mitigate ringing during
polarity switching to enhance THD, and to explore a
modulation scheme for DAB converters based on soft
switching.
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