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Abstract. Nowadays, the need for isolated bidirectional
DC/DC converters is growing. In these types of equipment, the
dual active bridge topology is widespread, where mostly the trans-
former leakage inductance value determines its dynamic behavior.
Voltage imbalance between the primary and secondary side results
in unwanted excessive transformer peak current if the leakage in-
ductance is low, thus limiting the load transient response of the
converter. In this paper, a ripple current control method is pre-
sented, which reduces the transformer peak current to its minimal
level, furthermore, allows the magnetizing current components to
be distributed between the primary and secondary sides in an ar-
bitrary proportion. The proposed control was tested in HIL sim-
ulation and on a real 360kW dual active bridge converter. Based
on the results the current stress on semiconductors and DC capac-
itors were reduced while the utilization and the efficiency of the
converter were increased.

Key words. dual active bridge, ripple current, single
phase-shift, converter

1. Introduction

Nowadays, the need for bidirectional isolated DC/DC con-
verters is growing as electric energy storage is becoming
more widespread [1]. The most common converter topol-
ogy in such types of equipment is the dual active bridge
(DAB) [2–4], which was first published and patented in
1991 [5, 6]. The main circuit consists of a transformer and
two actively driven MOSFET or IGBT-based full bridge in-
verter blocks, as shown in Figure 1 (a). The Lsp and Lss

leakage inductances of the transformer are the key elements
in the converter operation [7].

The single phase-shift (SPS) control is the most commonly
used method due to its simplicity [7], despite its disadvan-
tageous properties such as backflow power, high peak cur-
rent, and narrow zero voltage switching (ZVS) region [8].
In recent years various control and modulation techniques
were published to mitigate these adverse effects, such as the
dual phase-shift (DPS) [9] and triple phase-shift (TPS) [10]
methods. However, such solutions may become difficult to
implement in practical applications due to their higher de-
grees of freedom in control parameters [8].
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Fig. 1. DAB converter power circuit schematic.

Most recent papers are focusing on the improvement of
converter efficiency [11, 12] and the reduction of physical
size by operating with high switching frequency [13, 14].

In most applications, the load transient response of the DAB
converter is crucial as unexpected events may occur such as
load dump or short circuit. To prevent the DC voltages from
over- or undershooting in such conditions, a capacitor bank
with higher total capacitance can be used which increases
the equipment cost. Another option is to use a transformer
with a low leakage inductance value resulting in a higher
current rate of change [15]. By decreasing the leakage in-
ductance, the primary and secondary side voltage difference
becomes more significant.

Using the SPS control technique, U ′
DCS is regulated by the

I′S transformer current, which is controlled by the voltage-
time product applied onto the transformer leakage induc-
tance (see tSPS in Figure 2 (a)). Usually, a cascaded control
architecture is applied, where the outer U ′

DCS voltage con-
trol loop provides the reference for the inner I′S current con-
troller. A few volts of difference between the primary and
the secondary side voltage may result in an unwanted rip-
ple current in addition to the transformer’s inevitable mag-
netizing current (as shown in Figure 2 (c)), causing high
current stress on the main circuit elements and increased
power loss. Considering these side effects, it would the-
oretically be a preferable choice to set the U ′

DCS reference
equal to UDCP. However, in practical applications, this is
not an ideal solution due to voltage measurement imperfec-
tions.
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Fig. 2. DAB converter SPS control waveforms (Lm = 10mH, UDCP = 800V, Ls = Lsp = L′
ss).

(a) U ′
DCS = 800V, Ls = 3mH; (b) U ′

DCS = 800V, Ls = 30µH; (c) U ′
DCS = 790V, Ls = 30µH.

In the following sections, a novel control technique called
Ripple Current Control (RCC) is presented, which can mit-
igate unwanted ripple current during the operation of the
DAB converter. It is achieved by an additional outer con-
trol loop, providing the ideal U ′

DCS reference value for the
rest of the cascaded controllers. The RCC allows the usage
of transformers with a significantly smaller leakage induc-
tance, which is required for the cost-effective improvement
of transient response. By controlling ripple current ampli-
tude, the converter efficiency and EMI performance can be
improved, which are important factors in power conversion
applications [16]. The proposed control method was tested
in a hardware-in-the-loop (HIL) simulation and on a real
converter.

In Section 2, equations are derived to demonstrate the con-
nection between the ripple current and the voltage differ-
ence, revealing the main idea behind the proposed control
technique. This is presented in Section 3. The test sys-
tem and the RCC implementation details are introduced in
Section 4. The HIL simulation environment, methodology,
and results are presented in Section 5, which shows that
the RCC behaves as intended. Finally, the proposed control
was tested on the real hardware. The results are shown in
Section 6.

2. Mathematical analysis of the current

waveforms

To explain how does the ripple current can be controlled, a
few equations are going to be derived for the transformer
currents. The transformer is modeled with three inductors
in a T network as shown in Figure 1. The equation system
can be written in the s-domain as the following:

IP(s) =
1
s

1
Lsp

(UP(s)−Um(s)) (1)

I′S(s) =
1
s

1
L′

ss

(Um(s)−U ′
S(s)) (2)

Im(s) = IP(s)− I′S(s) (3)

Um(s) = sLmIm(s) (4)

Using (1)-(4), we can express IP and I′S as the function of
the voltage and inductance values.

IP(s) =
1
s

Lm

k
(UP(s)−U ′

S(s))
︸ ︷︷ ︸

Ic

+
1
s

L′
ss

k
UP(s)

︸ ︷︷ ︸

Ipm

(5)

I′S(s) =
1
s

Lm

k
(UP(s)−U ′

S(s))
︸ ︷︷ ︸

Ic

−
1
s

Lsp

k
U ′

S(s)
︸ ︷︷ ︸

Ism

(6)

k = Lm(Lsp +L′
ss)+Lsp +L′

ss (7)

Based on (5) and (6), the primary and secondary current
can be broken down to the sum of three current compo-
nents. One of them is included in both equations, thus we
can call it the common component (Ic), which is zero if
UDCP = U ′

DCS. In this case two components remain. Us-
ing (3) we can see that these are the magnetizing current
components flowing through Lsp and L′

ss, thus we can refer
to them as Ipm and Ism respectively. Note that these three
current components are virtual yet essential to control the
ripple current of the transformer as described in the next
section.

3. Control of ripple current

If an SPS controlled DAB converter is in voltage balance
(UDCP = U ′

DCS), Ic is zero between phase-shift actions, as
UP −US = 0. However, based on (5) and (6), IP and I′S will
change and cause ripple current as shown in Figure 2 (b). If
UP ̸=U ′

S, then Ic plays a role in the resulting ripple current.
If the voltage difference is high, Ic can significantly increase
the overall ripple current (see an example in Figure 2 (c)).

The magnetizing current is inevitable. It must be supplied
from the primary or the secondary side or both. Any higher
ripple current should be avoided to limit the current stress
on the switching devices. Fortunately, Ic can be controlled
by changing the voltage difference. Let q denote the sec-
ondary magnetizing current component proportion to the
total. If we want to force the magnetizing current to the
secondary side (q = 1), Ic must be equal to −Ipm, thus can-
celing Ipm out in (5). The magnetizing current can be sup-
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plied similarly from the primary side only (Ic = Ism). All
possible magnetizing current distribution can be expressed
in one equation using q.

Ic =−qIpm +(1−q)Ism (8)

The required voltage difference is expressed by substituting
Ic, Ipm, Ism from (5) and (6) into (8).

1
s

Lm

k

(
UP −U ′

S

)
=−q

1
s

L′
ss

k
UP +(1−q)

1
s

Lsp

k
U ′

S (9)

By multiplying both sides of the equation with s · k, the
equation can be rearranged to express the transformer volt-
age ratio as a function of q.

U ′
S

UP

=
Lm +qL′

ss

Lm +(1−q)Lsp

(10)

If the stray parameters (Lsp and L′
ss) are considerably

smaller than Lm, a few volts of difference could result in
a completely different ripple current amplitude.

This can also be used to our advantage; controlling the rip-
ple current by changing the voltage difference. In a DAB
converter, the transformer’s primary and secondary side
voltage amplitude depends on the primary and secondary
side DC voltage levels. In other words, the ripple current
level can be controlled by changing the DC voltage ratio.

4. Application

An example application is used to illustrate, test, and val-
idate the proposed ripple current control. This 360kW

DAB converter is part of a high-power test laboratory (Fig-
ure 3). Its main purpose is to provide galvanic isolation
between the primary and secondary sides, keeping a con-
stant voltage ratio. The transformer has multiple wind-
ings, which provide six different turns ratio, varying be-
tween 0.5-1.5. Before the converter starts up, the required
configuration can be selected with contactors. The result-
ing transformer parameters are summarized in Table I. The
nominal frequency of the transformer, thus the switching
frequency, is 400Hz. The primary voltage can vary be-
tween 600V-800V. The bridges are built from liquid-
cooled 1000A/1700V IGBT modules. The maximum out-
put current is limited to 750A. Transformer and DC cur-
rents (IDCP, IDCS, IP, IS) are measured with fast Hall-effect
sensors to allow current control. The two bridges are con-
trolled with a single TMS320F28075 DSP.

In most applications, UP and US are not measured directly in
order to avoid common-mode voltage issues in the analog
circuits. Instead, the DC link capacitor voltage is used to
achieve the desired voltage ratio. Precise voltage measure-
ment is needed to avoid large ripple currents as the voltage
ratio difference required for q = 1 or q = 0 is lower than
1% (see in Table I). In addition, the transformer termi-
nal voltage is slightly different from the measured DC link
voltage during operation due to the wiring resistance and
the voltage drop on the IGBT modules, which are load and
temperature-dependent parameters. To avoid dealing with
voltage measurement errors and to regulate the ripple cur-
rent of the transformer to the desired level, a suitable digital
control loop is proposed, which can be seen in Figure 4 (a).

Table I. – The available transformer configurations and parameters

Turns ratio (n) Lsp L′
ss Lm 1−

U ′
S

UP
RP Rm R′

S

1.5 and 0.75 17.0µH 17.0µH 5.0mH ±0.34% 4.8mΩ 130Ω 2.7mΩ

1.2 and 0.60 25.3µH 25.3µH 7.9mH ±0.32% 6.1mΩ 190Ω 4.2mΩ

1.0 and 0.50 28.2µH 28.2µH 11.1mH ±0.25% 7.4mΩ 273Ω 6.0mΩ

(a) (b) (c)

Fig. 3. The 360kW DAB converter used for the experiments.
(a) Primary bridge and capacitors, (b) transformer, control, and contactors, (c) secondary bridge and capacitors.

78



PI

U ′
S −UP IAV G

−
KI

PI

I
re f
AV G

0

IMDC

−

S
P

S
m

od
ul

at
ordm

d
PI

∆Ure f

q

−

qre f

IM control

I controlU controlq control

(a) (b)

Fig. 4. Ripple current (a) control loop and (b) sampling points.
C1, C2: voltage and current sampling, control loop execution; M1-M4: current sampling for q calculation.

The control logic is executed twice in one switching pe-
riod as shown in Figure 4 (b). At the C1 and C2 points,
the transformer currents and the DC voltages are sampled
to calculate IAV G, IMDC, UP, and U ′

S for the control loop.
Once the conversion is complete, the control logic is exe-
cuted, and the PWM peripheral compare registers are up-
dated based on the controller output values. The q value is
calculated at C1 and C2. However, the required transformer
currents are sampled at M3, M4 and M1, M2, respectively.
The exact timing of the M1-M4 sampling points is calcu-
lated from the updated PWM peripheral compare register
values. Thus, the sampling always happens earlier than the
first switching action and later than the last one.

The IM controller keeps the DC component of the trans-
former magnetizing current near zero to avoid saturation.
IMDC can be calculated by (11) from the sampled trans-
former currents. The controller output (dm) is used to
change the 50% duty cycle of the primary and secondary
voltage waveforms.

IMDC =
(IPC2 − I′SC2)+(IPC1 − I′SC1)

2
(11)

The current controller calculates the duty cycle for the re-
quired average current. IAV G is calculated differently at C1
and C2 as shown in (12) and (13). The voltage controller
produces the average current reference to keep the voltage
difference at the required level.

IAV GC1 =
(IPC1 + I′SC1)

2
(12)

IAV GC2 =−
(IPC2 + I′SC2)

2
(13)

The current controller proportional coefficient can be calcu-
lated based on the transformer parameters and the voltage
measurements as shown in (14).

KI =
Lsp +L′

ss

Tsw(UP +U ′
S)

(14)

The voltage controller regulates the primary and secondary
side voltage difference to the requested value. The PI con-
troller parameters were chosen to achieve the fastest distur-
bance response without an overshoot as described in [15].

The transformer ripple current is controlled by the q con-
troller. The feedback is calculated differently in M2 and
M4 as shown in (15) and (16). The idea is to measure the
change in the primary and secondary current between M1-
M2 and M3-M4 points and based on that, modify the volt-
age difference reference to achieve the needed ripple pro-
portion.

qM2 =
(I′SM1 − I′SM2)

(IPM2 − IPM1)+(I′SM1 − I′SM2)
(15)

qM4 =
(I′SM4 − I′SM3)

(IPM3 − IPM4)+(I′SM4 − I′SM3)
(16)

This PI controller was tuned to be slow as only the steady-
state behavior was important in this experiment. P = 0.05
and I = 0.1 parameters were selected for the test application
based on empirical tuning.

The control algorithm does not use equation (10) because,
usually, the inductance parameters of the transformer are
not only unknown but vary during operation. The stray in-
ductances are especially hard to measure individually. In
most applications, only their sum is known. The PI con-
troller integrator learns these unknown system parameters
during operation. If the transformer inductance values are
roughly known, then the required ∆Ure f voltage difference
can be approximated with (10) and fed forward in the q

controller to achieve a better transient response.

The suggested qre f selection strategy is to use 0.5 if the con-
verter load is light. In high load conditions, the magnetizing
current should be forced to the higher voltage side (q = 0 or
q = 1). This way the peak current on the lower voltage side
will be smaller, which reduces thermal and current stress on
the semiconductors.

5. Simulation

The proposed control algorithm was tested in hardware-in-
the-loop (HIL) simulation. The main circuit model was
running on a Digilent Zybo Z7 (Zynq-7000 SoC) develop-
ment board. The control loop was implemented on a Texas
Instruments TMS320F28075 DSP. A photo of the utilized
HIL system can be seen in Figure 6.
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Fig. 6. The devices used for the real-time HIL simulation.
A Digilent Zybo Z7 (left) and a Texas Instruments
TMS320F28075 DSP-based controller card (right).

A. Implementation

The main circuit model was created based on Figure 5 in
MATLAB Simulink environment. Compared to Figure 1,
additional circuit elements are taken into account, such as
the transformer winding and core loss resistance, primary
side bus impedance. The exact parameter values used in the
simulation are shown in Table I, which are based on mea-
surements. The primary side capacitor (CP) has 20.4mF of
capacitance, the secondary side one (CS) has 13.6mF. The
primary side busbar is modeled with a 200nH and 10mΩ

LR circuit.

The four phase-legs of the inverters were modeled with the
switching function method [17]. The diode forward voltage
and the IGBT saturation voltage were not included in the
model. The effective switching dead time has a significant
effect on the operation of most switched mode power con-
verters [18]. This is extremely true in this DAB converter
as the required tSPS phase-shift duration and the effective
dead time is in the same order of magnitude. These effects
were taken into consideration with a constant 3µs turn-off
and 2µs turn-on delay for each IGBT. These values were
selected based on measurements of the real hardware, in-
cluding the IGBT switching characteristics, PWM signal
propagation delay, and gate driver delay. The rest of the
main circuit was modeled based on the circuit’s differential
equations as described in [17].

The next step was to discretize the model as the FPGA can
only run the simulation with a fixed timestep. This means
that a discrete-time model is needed in the Simulink en-
vironment, from which MATLAB’s HDL Coder package
can generate the Verilog source code for the FPGA. The
continuous-time integrators were replaced with their for-
ward Euler discrete equivalent (z−1/(1− z−1)). After this,
the model was compiled to the Zynq-7000 SoC-based de-
velopment board, which can run the discrete model of the
main circuit with 40ns timestep. The simulated current and
voltage values were available as analog outputs on the de-
velopment board, the same way as on the real DAB con-
verter. The analog signals were produced with Σ-∆ DACs
in the FPGA with external RC low-pass filters.

For the control implementation, a Texas Instruments
TMS320F28075 DSP-based controller card was used, the
same as in the real converter (see in Figure 3 (b)). The RCC
algorithm was written in the C programming language. The
PI controllers were implemented with discrete equivalents
as described in [15]. In the PWM peripheral, the inserted
dead time was set to 3.7µs. The effect of the switch de-
lays (effective dead time) was compensated with an adap-
tive method as presented in [19]. The DSP read the analog
values, ran the control, and gave out the PWM signals with-
out knowing that the main circuit was only simulated.

B. Methodology

Our main goal with the simulation was to prove that the rip-
ple current control algorithm is functional in multiple oper-
ation points. The simulation was done with both power flow
directions, multiple turns ratios, and qre f settings, even with
disabled ripple current control to illustrate its necessity. In
each test case, a constant secondary side current was ap-
plied as a load to draw ±300A from the 650V primary side
voltage source.

A debugging tool (ChipScope Pro Analyzer) was used to
gather data from the SoC once the load change transients
were settled. This way, the simulated values can be ob-
served without any measurement errors involved. The used
sampling time was 3.08ms, and the sampling buffers held
4096 values, resulting in approximately five switching pe-
riods of data.

The samples were further processed with MATLAB to
determine the peak-to-peak ripple current between each
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Fig. 5. The implemented main circuit model in the HIL simulation.
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switching action. As five switching periods were recorded,
the average of these values was calculated for each opera-
tion point. For comparison purposes, the ripple as a per-
centage of the average current was calculated between each
switching action.

C. Results

Table II shows the summary of the simulation result data.
When the RCC is turned off (∆Ure f = 0V), the current rip-
ple is high and distributed unevenly in all operating points.
It can be extremely large, as shown in Figure 7. In such
case, the Ic component of the current is much higher than
the magnetizing components. This high current level is
caused by voltage measurement errors (FPGA DAC and
DSP ADC offset and non-linearity) and the simulated trans-
former resistance. Thus, the voltages at the transformer

leakage inductances (see UPL and U ′
SL in Figure 5) are not

equal after a switching action, even if the voltage controller
runs properly and keeps the measured DC voltages at the
requested equal level.

With qre f = 0.5 settings, the RCC successfully distributes
the magnetizing current evenly to both sides by detect-
ing the current ripple inequality and adjusting the voltage
controller reference to compensate the voltage drop across
the transformer resistance and the voltage measurement er-
rors. The control behaves as expected with the qre f = 0 and
qre f = 1 reference value, the ripple is mainly supplied from
either the primary or secondary side as requested. Based on
these observations, the ripple current control is functioning
as intended. There are no glitches or unwanted artifacts in
the waveforms. The peak current stress on the IGBTs is
reduced using the proposed control technique.
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Fig. 7. Simulation result with and without the proposed ripple current control (n = 0.8, IP =−300A).
(a) RCC disabled, (b) RCC enabled with q = 0.5 (magnetizing current provided equally from both sides)

Table II. – HIL simulation results for various ripple current control reference values

qre f IDCP n ∆IT RP ∆I′T RS

OFF

300A

1.5 68.0A 21.9% 226.4A 73.9%
1.2 10.8A 3.5% 111.4A 36.2%

1 9.0A 2.9% 79.0A 25.6%
0.75 53.3A 17.2% 106.5A 34.9%

0.6 9.8A 3.1% 91.5A 29.7%
0.5 31.8A 10.2% 103.7A 33.6%

-300A

1.5 103.2A 34.5% 58.5A 19.3%
1.2 145.7A 48.3% 44.8A 14.7%

1 173.9A 57.4% 100.9A 33.1%
0.75 227.1A 76.2% 66.3A 21.9%

0.6 173.8A 57.6% 72.2A 23.7%
0.5 166.0A 54.8% 93.7A 30.7%

0.5

300A

1.5 77.8A 25.1% 81.4A 26.6%
1.2 49.4A 15.9% 50.7A 16.5%

1 33.3A 10.8% 38.1A 12.4%
0.75 79.8A 25.7% 79.2A 25.9%

0.6 49.4A 15.9% 51.0A 16.6%
0.5 36.1A 11.6% 35.8A 11.6%

-300A

1.5 81.0A 27.1% 80.7A 26.6%
1.2 51.6A 17.1% 50.1A 16.4%

1 36.3A 11.9% 36.6A 12.0%
0.75 83.3A 27.9% 79.1A 26.1%

0.6 51.4A 17.0% 51.0A 16.7%
0.5 37.6A 12.4% 35.3A 11.5%

qre f IDCP n ∆IT RP ∆I′T RS

1

300A

1.5 2.6A 0.8% 159.4A 52.1%
1.2 5.1A 1.6% 102.0A 33.1%

1 4.3A 1.4% 70.5A 22.9%
0.75 5.1A 1.7% 155.5A 50.9%

0.6 4.9A 1.6% 99.5A 32.3%
0.5 5.6A 1.8% 68.9A 22.4%

-300A

1.5 4.4A 1.5% 162.2A 53.5%
1.2 4.1A 1.3% 100.9A 33.0%

1 3.5A 1.1% 72.4A 23.6%
0.75 7.9A 2.7% 155.5A 51.1%

0.6 7.3A 2.4% 99.7A 32.6%
0.5 7.7A 2.5% 68.5A 22.3%

0

300A

1.5 155.8A 50.4% 8.8A 2.9%
1.2 97.6A 31.5% 5.4A 1.8%

1 68.5A 22.1% 4.6A 1.5%
0.75 154.6A 49.9% 8.3A 2.7%

0.6 98.5A 31.8% 5.8A 1.9%
0.5 67.2A 21.7% 7.1A 2.3%

-300A

1.5 160.7A 53.8% 4.9A 1.6%
1.2 100.8A 33.4% 3.9A 1.3%

1 73.7A 24.3% 4.3A 1.4%
0.75 162.0A 54.3% 5.7A 1.9%

0.6 101.5A 33.6% 2.7A 0.9%
0.5 72.5A 23.8% 1.5A 0.5%
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6. Experimental results

A. Environment and setup

The proposed RCC technique was tested on the real 360kW
DAB converter, which is part of the BME Modular Hybrid
Drive System laboratory built-in converters (see in Figure 8
(a)). The probe arrangement is shown in Figure 8 (b).

The primary side current was measured with a Tektronix
A6304XL 500A AC/DC current probe. On the secondary
side, we used the Tektronix TCP404XL for current mea-
surement. Both have similar specs.

The primary and secondary transformer voltages (bridge
output voltage) were measured with differential probes. A
Rohde&Schwarz RT0-1004 oscilloscope was used to cap-
ture the voltage and current probe signals with a high sam-
pling rate for a few switching periods.

B. Methodology

Various power converters were involved in the tests, which
are built-in equipment of the laboratory. A high-power
DC/DC converter was connected between the primary and
secondary sides of the DAB converter to provide a constant
300A or −300A load on its output. This way, the power
was circulating inside the laboratory. Due to the dissipation
losses, a grid-connected AC/DC converter had to be used to
keep the DAB converter primary side voltage at a constant
650V level. With the available built-in converter configura-
tion, we were only able to test with the n = 1.2 transformer
ratio setting. As a result, the secondary side nominal volt-
age was 780V.

The DAB converter was operated with different qre f values
and ±300A load current level to enable the comparison of
simulation data. The transformer current and voltage were
captured with 10ns sampling time. A total of one million
samples were collected for each oscilloscope channel, re-
sulting in a 10ms long time window.

The data was exported and further processed with MAT-
LAB. On the signals, a moving average with 500 sam-
ples wide (5µs) window was used to remove measurement
noise. The secondary side current was reduced to the pri-
mary side level (divided by n = 1.2) to allow visual com-
parison of the current plots.

C. Results

The processed experimental waveforms are shown in Fig-
ure 9 for positive load current. The current ripple values
were calculated as in Section 5 to enable direct compari-
son to the simulation results. The experimental data can be
found in Table III.

When the RCC is turned off (∆Ure f = 0V), the current
ripple is higher compared to the simulation results. This
is caused by voltage measurement errors in the hardware,
such as voltage divider imperfections, amplifier gain, and
offset errors, and additional resistance in the busbars, be-
cause the DC voltage is measured with the controlling DSP
on the DC capacitors, not between the transformer leads.
The ripple value is nearly equal to the average current, re-
sulting in around 500A peak primary transformer current,
causing unwanted stress on the semiconductors and on the
capacitors.

(a) (b)

Fig. 8. Measurement setup in the laboratory. (a) Location of the DAB converter, (b) probe arrangement.

Table III. – Experimental ripple current control results with n = 1.2 transformer ratio

qre f IDCP ∆IT RP ∆I′T RS

OFF
300A 238.2A 71.90% 296.6A 90.70%

-300A 246.1A 81.60% 181.9A 58.60%

0.5
300A 34.4A 10.20% 27.8A 8.40%

-300A 31.9A 10.00% 37.5A 11.70%

qre f IDCP ∆IT RP ∆I′T RS

1
300A 12.0A 3.60% 63.6A 19.20%

-300A 10.2A 3.20% 65.4A 20.80%

0
300A 65.1A 19.30% 10.2A 3.10%

-300A 67.5A 21.70% 16.0A 5.10%

82



-3 -2 -1 0 1 2 3

Time [ms]

-600

-400

-200

0

200

400

600
C

u
rr

e
n
t 
[A

]

-800

-600

-400

-200

0

200

400

600

800

V
o
lt
a
g
e
 [
V

]

I
P

I
S
'

U
P

U
S

(a)

-3 -2 -1 0 1 2 3

Time [ms]

-600

-400

-200

0

200

400

600

C
u
rr

e
n
t 
[A

]

-800

-600

-400

-200

0

200

400

600

800

V
o
lt
a
g
e
 [
V

]

I
P

I
S
'

U
P

U
S

(b)

(c)

-3 -2 -1 0 1 2 3

Time [ms]

-600

-400

-200

0

200

400

600

C
u
rr

e
n
t 
[A

]

-800

-600

-400

-200

0

200

400

600

800

V
o
lt
a
g
e
 [
V

]

I
P

I
S
'

U
P

U
S

(d)

Fig. 9. Experimental results (n = 1.2). (a) qre f = OFF, (b) qre f = 0.5, (c) qre f = 1.0, (d) qre f = 0.0

By enabling the RCC with a 0.5 reference value, the rip-
ple current is reduced and distributed evenly between the
primary and the secondary side. A slight difference can be
observed, but considering that the DSP current measure-
ment range is ±1000A (10A difference is only 1%), a few
amperes of error in the control is acceptable. When qre f is
set to 0 and 1, the ripple current is successfully forced to
the secondary and the primary side as requested. Based on
the measurements, the RCC works as intended without any
issues.

7. Conclusion

In this paper, a new control scheme was proposed for sin-
gle phase-shift dual active bridge converters to regulate the
transformer’s current ripple. Equations were derived show-
ing the base idea of the control operation. The ripple current
control algorithm was implemented on a DSP, then tested in
a HIL simulation environment and in a real 360kW DAB
converter. The proposed control was able to regulate the
ripple current of the transformer expectedly.

Using this controller, the excessive transformer ripple cur-
rent, caused by voltage measurement errors, can be mit-

igated, reducing the current stress on the semiconductors
and on the DC capacitors. In addition, the transformer
magnetizing current can be forced to flow from the higher
voltage side of the converter, resulting in less current stress
on the lower voltage side, increasing the utilization of the
semiconductor switches and decreasing conduction losses.
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