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Abstract—This paper presents a novel direct duty-to-current
control strategy to mitigate the dc bias and eliminate the need for
a dc blocking capacitor in Dual Active Bridge (DAB) converters.
The proposed control mechanism directly controls the duty cycle
of each leg in the primary H-bridge to regulate the average (over
one switching period) volt-seconds applied to the transformer
primary winding to be zero without a dc blocking capacitor,
under both steady-state and transient operations. This strategy
is particularly relevant for electric vehicle (EV) applications,
where variations in power demand and charging protocols can
introduce dc bias, and the proposed control strategy work
seamlessly with the output voltage control loop, during both
steady-state operation and transients. The analysis, presented
in detail, includes simulation results validating the effectiveness
of the proposed control strategy under various steady-state and
transient conditions, demonstrating its robustness and applica-
bility in EV systems.

Index Terms—Dual active bridge (DAB) converter, duty-to-
current control, transformer saturation, electric vehicles (EVs)

I. INTRODUCTION

The growing demand for EVs has led to significant ad-
vancements in its infrastructure, with dual active bridge (DAB)
converters emerging as a popular choice for EV applications.
The DAB converter is favored due to its high efficiency,
bidirectional power flow capability, galvanic isolation, and
wide soft-switching range [1]-[6]. Additionally, the DAB’s
ability to operate effectively over a wide range of input
and output voltages, high power density, and easy control
implementation makes it suitable for varying battery states and
charging protocols, which are essential features for modern EV
applications [7]-[9].

However, one of the challenges associated with DAB con-
verters is the potential introduction of dc bias in the trans-
former windings. The dc bias current in a DAB converter can
occur both in steady state and transient conditions, particularly
during dynamic operations such as start-up, load changes, or
power flow direction shifts [10]. The root causes of dc bias
current include inconsistencies in semiconductor manufactur-
ing, variations in the time delays of gating driver signals,
mismatched switching times, and abrupt changes in terminal
voltage [11], [12]. Excessive dc bias can lead to a non-
zero average inductor current, which, when passing through
the transformer, causes the magnetization curve to lose its
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symmetry and potentially results in core saturation in one di-
rection. If left unchecked, this can increase core losses, impact
power transfer, and damage electrical equipment [13], [14].
Therefore, eliminating dc bias is crucial for maintaining the
efficiency and longevity of DAB converters in EV applications.

Several methods have been proposed in the literature to
address dc bias in DAB converters. One common approach
is the use of a dc blocking capacitor in series with the
transformer. While this method is straightforward, a large
number of parallel connected capacitors are required, which
introduces additional components, increases the system’s vol-
ume and cost, and the resulting low-frequency oscillations may
negatively impact the power density and dynamic response of
the converter [15].

Another technique involves rapid control and peak current
management [16]. This method is notable for eliminating the
dc bias by accelerating the transient time but adds auxiliary
circuits to the EVs.

More advanced methods include the implementation of
optimal control schemes employing triple-phase-shift (TPS)
and extended phase shift (EPS) to regulate the change in
inductor current [17], [18]. These methods offer more control
freedom; however, the calculations become complex, and hard
switching during transients is inevitable. This issue is more
prominent in high-frequency applications of wide bandgap
devices, making implementation in the dynamic environment
of EVs challenging [14]. The proposed direct duty-to-current
control strategy in this paper offers a novel solution by directly
controlling the duty cycle of each leg in the primary H-bridge.
This approach regulates the average volt-seconds applied to
the transformer primary winding to be zero, eliminating the
need for a dc blocking capacitor or auxiliary circuits. The
proposed method streamlines the converter’s architecture and
reduces physical size and cost by reducing the need for
large dc-blocking capacitors. This makes the design more
economical and energy-efficient for EV applications. Unlike
traditional methods, this strategy maintains performance under
both steady-state and transient conditions without impacting
the performance of the output voltage control loop. The
system retains independence between the current and voltage
controllers. This separation allows each controller to operate
within its bandwidth, enabling the current controller to func-
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Fig. 1. Circuit diagram of a traditional dual active bridge (DAB) converter.

tion efficiently under diverse conditions, such as substantial
dc biases and changes in output reference voltage and loads,
making it suitable for EVs.

This paper presents detailed modeling and analysis of the
proposed control strategy, with simulation results demonstrat-
ing its effectiveness in mitigating dc bias and ensuring stable
operation, including scenarios with significant changes in load
and voltage. The simplicity, effectiveness, and adaptability
of the proposed method make it a promising solution for
future EV application. In this paper, Section II discusses the
steady-state operation of DAB converter topology. Section III
provides a detailed analysis and methodology of the proposed
current-to-duty control. Section IV includes simulation results
and validates our direct current-to-duty control approach under
various steady-state and transient conditions, and Section V
concludes the paper.

II. DUAL ACTIVE BRIDGE CONVERTER

A traditional DAB converter, as depicted in Figure. 1, is
utilized in this study. The DAB converter consists of two H-
bridges, one on the primary side and one on the secondary
side, connected through a high-frequency transformer. This
configuration allows for bidirectional power transfer with
galvanic isolation and is highly suitable for EV application.
Figure. 2(a) illustrates the simplified circuit of the DAB
converter where two square voltage sources (V7 and V) are
considered, with an inductive element in between. The primary
side H-bridge generates the square wave voltage V7, while the
secondary side H-bridge generates V5. The phase shift between
these voltages controls the power flow through the inductive
element, allowing precise control of power.

A. Steady State Analysis

Figure. 2(b) shows the steady-state voltages of the primary
and secondary bridges and the resulting inductor current, ¢y,.
Analyzing these waveforms helps in understanding the con-
verter’s operation under steady-state conditions. The inductor
current can be divided into intervals based on the switching
periods of the primary and secondary voltages. During these
intervals, the inductor current equation is determined by inte-
grating the voltage difference across the inductor.

The inductor current equation, considering the waveforms
in Figure. 2(b), is derived as
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Fig. 2. DAB converter. (a) Simplified circuit. (b) Waveforms.
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where I, is the initial inductor current, L is the inductance
of the topology, V1 is the primary H-bridge voltage, V5 is the
secondary H-bridge voltage, 6 is the phase shift between the
primary and secondary H-bridges, DTy is the first portion, and
D'Ty is the other portion of the switching period, as shown
in Figure. 2(b).

The minimum and maximum inductor current peaks are
evaluated at 0 and DT} respectively, as

Imin - ZL(O) = 7]’07 (2)

Authorized licensed use limited to: Utah State University. Downloaded on July 21,2025 at 19:26:42 UTC from IEEE Xplore. Restrictions apply.



The above mentioned equations capture the impact of con-
verter parameters such as bridge voltages, phase shift, and
switching periods, and form the basis for developing control
strategies to mitigate dc bias current, as discussed in the
subsequent section.

III. PROPOSED CONTROLLER

In DAB converters, traditionally, the presence of dc bias is
typically analyzed by examining the symmetry of the inductor
current over a switching cycle. A zero dc bias current is
indicated by equal positive and negative areas of the inductor
current. One effective method to verify this symmetry, and thus
confirm zero dc bias current, is to ensure that the positive and
negative peaks of the inductor current are equal.

Therefore, a DAB converter exhibiting dc bias means
[Imin| # Imax- In this work, the sum of the peaks, denoted
as Igm (derived using Equations (1) — (3)), is calculated at
every switching cycle using

Isum = Imax + Imin; (4)
Vi—VWs Vi+ Vs

Isum = T(DTS) +

It can be seen from (5) that the duty cycle directly affects the
magnetic bias current of the DAB. Hence, duty cycles of the
half-bridge legs in the primary side bridge can be directly used
to control the current Iy,,,. The above linearized equation has
a steady-state operating point as Igmo, Do, and 6. The small
signal transfer function from the duty cycle to the inductor
current peaks sum (/g,m) can be derived by replacing Iy, D,
and 6 using

0 — 21, ®)

Isum = Lsum,0 + Afsuma (6)
D = Dy + Ad, (7)
0 = 6y + AG. (8)

Substituting Ay, and Ad perturbations into (5) and taking
the Laplace transform, G _4 can be derived as
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Fig. 3. Control diagram of proposed dc bias current correction strategy for
DAB along with output voltage control.
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Fig. 4. Illustrates the proposed control strategy for mitigating (a) positive dc
bias by reducing the duty cycle of switch S1, and (b) negative dc bias by
reducing the duty cycle of switch S3 in the primary H-bridge of the DAB
converter. The red line indicates the starting point of dc bias in the system.
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With the above-derived small-signal transfer function, a PI
controller can be designed to regulate the dc bias current, as
shown in the system control diagram in Figure. 3. In Figure.
3, the Igmref is typically zero to eliminate the dc bias current.

A. Methodology

The current-to-duty controller response is applied to the four
switches of the primary H-bridge, named 51, Ss, S3, and Sy,
as shown in Figure. 1. The switching scheme in this paper
ensures that S; and S3 are complementary, as are So and Sj.
This arrangement prevents both upper or lower switches from
being on simultaneously, which would draw a large current
from the source and result in significant power loss.

Conventionally, in the single-phase shift modulation of
DAB, these switches are set to a 50% duty cycle, as shown
in Figure 4(a) and 4(b) (before the red line). The red line
represents the instance when either a positive or negative dc
bias is introduced in the system. In Figure 3, the output (duty
cycle d) from the PI controller (G.;) represents the required
change in the duty cycle of the primary H-bridge output
voltage. This change shifts the duty cycle from 50% to a range
between 48% and 52%, determined after rigorous simulations
to ensure minimal impact on power transfer. Based on the
controller output, the control strategy adjusts the duty cycle of
the corresponding half-bridge leg in the primary H-bridge, as
shown in Figure 4(a) and 4(b) after the red line. For example,
in the case of a positive bias, the controller reduces the duty
cycle of switch S; and maintains Sy at 50% duty cycle. These
adjustments make V7 positive for less than 50% of the duty
cycle while keeping the negative duration at 50%, resulting
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in more negative current per cycle compared to positive, thus
counterbalancing the positive bias current.

In summary, the controller creates asymmetry in the induc-
tor voltage that induces a counterbalancing current to neutral-
ize the bias. As shown in Figure. 3, a weak coupling (Gq)
between the dc bias current control loop and the output voltage
control loop exists in the system. However, the interactions
between the two loops are minimized by limiting the delta duty
cycle to only 2% and having different bandwidths for the two
control loops. The simulation results validate this approach,
demonstrating effective dc bias mitigation and system stability
under various conditions.

IV. SIMULATION RESULTS

To validate the effectiveness of the proposed controller
for mitigating dc bias in DAB converters, comprehensive
simulations were conducted. The primary objectives of these
simulations were to evaluate the controller’s performance in
eliminating dc bias current and to assess its impact on overall
system stability and output voltage regulation.

A. Simulation Setup

The simulation model was developed using PLECS, with
parameters and operating conditions given in Table I. Inten-
tionally a significant positive and negative dc bias of 0.1 V
was introduced, which is much higher than the typical millivolt
biases used in standard tests. Additionally, the independence
of the controllers G, and G, is evaluated by observing
the inductor current (I1), output voltage (V,,:), output power
(Pout), and average inductor current (I7q4,4), under four differ-
ent cases. The dc bias is added in the first two cases, and V,;
and P,,; are varied across the subsequent cases to assess the
performance and interaction of the controllers under dynamic
conditions.

Parameter Value

Input Voltage (V) 200 V

Output Voltage (Vout) 150 V

Switching Frequency (fs) | 50 kHz

Inductance (L) 83 uH
Transformer Turns Ratio 1:1

Output Power (Pout) 480 W

TABLE I

INITIAL SIMULATION PARAMETERS

B. Case I: Positive dc Bias Introduction

In the first case, 0.06s < ¢ < 0.12s, a positive bias of 0.1 V
is introduced as shown in Figure. 5(c). This simulates a sce-
nario where external factors, such as component imperfections
or change of load from light to heavy load, introduce a positive
bias in the DAB [1]. Upon introducing the 0.1 V dc bias at
t = 0.06s, a disruption in the volt-second balance is observed,
leading to an increase in the inductor current from 5.8 A to
6 A, hence creating a non-zero I, . The controller adjusts
DAB by reducing the on and off time of switches S; and S
respectively, restoring the volt-second balance and ensuring
Iy, remains at zero.

avg

C. Case 2: Negative dc Bias Introduction

In the second case, 0.12s < t < 0.33s, a negative bias of
0.1 V is added at 0.12 seconds and remains in the system
for the remainder of the simulation, as shown in Figure. 5(c).
This case represents potential negative bias scenarios in EV
systems, such as regenerative braking or decrease of load
[1]. The controller successfully eliminates the negative bias
and maintains system stability. The controller’s adjustment in
response to the negative bias ensures the I, remains at zero,
preventing transformer core saturation.

In the simulations, the initial condition shows the inductor
current symmetrically distributed around zero with no dc bias.
Throughout this process, the V,,; and P,,; remain steady
at 150V and 480W respectively, illustrating the successful
independent operation of the controllers G.; and G,. They
manage to perform their respective functions—dc bias elimi-
nation and voltage regulation—without interfering with each
other. This is because the duty adjustments are so small that
they do not affect the GG, q response, which connects the
voltage control and current control. This demonstrates the
controllers’ ability to handle disturbances while maintaining
system stability and performance.

D. Case 3: Voltage Reference Change from 150 V to 140 V

In this scenario, 0.18s < ¢t < 0.33s, the reference voltage
for the DAB output is reduced from 150 V to 140 V. This situa-
tion is similar to adjustments in the output voltage required for
different charging protocols or battery management systems
in EVs. During such voltage reference changes, the current-
to-duty control method removes any dc bias that may be
introduced, ensuring the DAB converter continues to operate
efficiently and reliably without affecting the desired voltage
change. The G., controller regulates the output voltage to
the new reference value of 140 V, resulting in a decrease in
output power from 480 W to 418 W, against a persistent -0.1
V external dc bias from Case 2. This voltage change leads to
a transient minor dip in /7, and a slight increase in I, by
0.02 A, yet I, stabilizes at steady state values of I,x and I,
as per equations 2 and 3, with [ Lue remaining close to zero.
This ensures the absence of dc bias in the inductor current
and demonstrates the Gy 4 effectiveness in eliminating dc

sum

bias without disrupting the voltage regulation process.

E. Case 4: Power Level Change from 480 W to 520 W

In this scenario, 0.24s < ¢t < 0.33s, the system’s power
level is increased from 480 W to 520 W, against a persistent
-0.1 V external dc bias from Case 2, and with a new V,,; of
140 V from Case 3, by decreasing the load resistance from
47 Q) to 38 (2 as shown in Figure. 5(e). This is analogous to
variations in power demand in EV applications. For instance,
if an EV experiences a sudden increase in power demand due
to acceleration or additional loads, the DAB converter must
adapt to the new power level. This change in power level
induces transients in V¢, I, and Iy, with V,,; initially

avg?
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Fig. 5. Shows the system response under 0.1V external dc bias (0.06s < t < 0.12s), -0.1V external dc bias (0.12s < t < 0.33s), output reference voltage
change from 150V to 140V (0.18s < ¢t < 0.33s), output power change from 418W to 520W (0.24s < ¢t < 0.33s) and steady-state inductor current. Figure
(a) to (f) are as follows: (a) inductor current I, (b) average inductor current (I Lavg)’ (c) external dc bias, (d) output voltage (Vour), (€) output power (Pout)

and (f) steady-state inductor current.

dropping then regulating back at 140 V through the voltage
control, and [;, increasing from 6 A to 7 A to meet the new
load demands. I, temporarily increases to 0.005 A before
reaching its reference value, all efficiently managed by the
G; controller. This underscores the controller’s efficiency in
adapting to power level changes, ensuring the DAB system’s
stability and countering dc bias.

The effects of these cases on Iy and V,,; are shown in
Figs. 5(a) and 5(d). Additionally, it is important to note that a
zero bias implies a zero average of inductor current at every
switching cycle. Figure. 5(b) shows a moving average of the
inductor current, calculated over 40 switching cycles. This
visualization aids in understanding the impact of the addition
of dc bias, the change in output reference voltage V;..r, and
the power level of the DAB on I;,. Figure. 5(f) shows a steady
state inductor current at 0.29 s, demonstrating a zero dc current
in the inductor even after the four cases.

F. DAB response with and without proposed controller

This work also compares the DAB response with and
without the proposed controller under the four cases. The
results are shown in Figure. 6. Figure 6(a) presents the inductor
current waveform, while Figure 6(b) illustrates the average
inductor current. In both figures, the blue line represents the
response with the controller, G ;, and the brown line represents
the response without the controller.

Without the controller, introducing a positive bias causes
the inductor current waveform to continuously increase in
the positive direction. Conversely, introducing a negative bias
shifts the overall waveform to a negative level. During dynamic
operations (cases 3 and 4), transients add DC bias to the sys-
tem. This overall DC bias causes asymmetry in the transformer
magnetization curve, potentially leading to transformer core
saturation.

In contrast, our proposed controller G; effectively mitigates
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Fig. 6. Comparison of DAB response with and without the proposed controller G.; under 0.1V external dc bias (0.06s < ¢t < 0.12s), -0.1V external
dc bias (0.12s < ¢t < 0.33s), output reference voltage change from 150V to 140V (0.18s < ¢t < 0.33s), output power change from 418W to 520W
(0.24s <t < 0.33s). (a) inductor current I, (b) average inductor current [ Lave

this dc bias across all four cases, as shown by the zero
Ir,, in Figure. 6(b). The controller maintains the symmetry
of the transformer core and ensures stable operation. This
makes our controller valuable for enhancing the reliability and
performance of EV infrastructure.

V. CONCLUSION

In summary, the proposed novel direct duty-to-current con-
trol strategy demonstrated robust performance under various
steady-state and transient conditions involving significant dc
biases and changes in V,,; and P,,;. The PLECS simulation
results confirmed the controller’s ability to effectively mitigate
dc biases and maintain system stability without affecting the
core functionalities of the DAB, such as voltage regulation and
power level adjustment. This is particularly significant for EV
applications, where the control strategy can handle variations
in power demand and charging protocols, ensuring efficient
and reliable operations without the need for a dc blocking
capacitor.
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