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Abstract—This article presents the design of a three-port,
three-phase Multi-Active Bridge converter. This converter aims
to interconnect various renewable energy sources with electrical
loads, using hydrogen as an energy storage medium for domestic
applications. Photovoltaic panels will serve as the primary energy
source; any excess energy produced will be stored as hydrogen
using an electrolyzer. When the photovoltaic panels are unable to
meet consumption needs, electrical energy will be generated from
the stored hydrogen using a fuel cell. The Multi-Active Bridge
consists of three three-phase inverters magnetically coupled
through a transformer. The objective of this converter is to
regulate the energy flow among the different components of
the structure, operating through a ’phase-shift’ control method
applied between the three inverters.

Index Terms—Multi-Active Bridge, phase-shift, hydrogen, pho-
tovoltaı̈c.

I. INTRODUCTION

Renewable energies play a crucial role in limiting climate
change caused by the use of fossil fuels, the primary source
of CO2 emissions. Renewable energies have limitations in
their utilization, with the primary one being their intermittent
nature, thus requiring a system capable of energy storage.
In the case of a photovoltaic installation, batteries offer an
intriguing solution due to their high efficiencies, reaching up
to 90% for certain technologies like lithium-ion. Despite the
batteries’ good performance, they only provide a medium-
term solution. Hydrogen could be an interesting option for
long-term storage due to its physical properties [1]. There
are various methods for hydrogen production; however, the
method considered the least polluting involves using renewable
energies to power an electrolyzer, thereby producing what
is termed as ”green” hydrogen. The objective of this article
is to present a three-phase three-port Multi-Active-Bridge
converter. This converter aims to interconnect multiple energy
sources as well as electrical loads [2][3]. Additionally, the
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transformer provides galvanic isolation between these different
energy sources [4][5]. In this context, the structure includes
photovoltaic panels, an electrolyzer, and a fuel cell.

Fig. 1. Diagram of the multi-source system.

As shown in Fig. 1, the implemented system will oper-
ate as follows: electricity will be generated by photovoltaic
panels. This energy will then be stored as hydrogen using
an electrolyzer. Subsequently, the hydrogen will be converted
back into electricity via a fuel cell when the photovoltaic
panels cease producing energy. RTE France Annual Electrical
Report 2020, along with the simulation software Pvsyst, allows
estimating the electrical production for the average annual
consumption of a household of 4 people, with a 9 kW
photovoltaic installation located in the region of Perpignan.
This estimation highlights two significant aspects: higher con-
sumption during the winter period and an overproduction of
photovoltaic energy during the summer. This overproduction
represents a considerable potential as it can be stored in the
form of hydrogen, offering the prospect of achieving an annual
energy self-sufficiency of 105%.

II. MULTI-ACTIVE-BRIDGE CONVERTER

A proof of concept has been achieved by combining three
energy sources using a dedicated converter designed for this
purpose. The electrical circuit diagram, in Fig. 2, the sources
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Fig. 2. Electrical diagram of the Multi-Active-Bridge. Composed of 3 three-phase inverters (A)(B)(C) and a Multi-port transformer.

are connected through three-phase inverters and a transformer
acting as a coupling element, specifically designed for the
application. Each inverter generates a magnetic flux within the
transformer. When balanced, the magnetic fluxes from the 3 in-
verters cancel each other out, resulting in no power exchange.
By adjusting the control of the inverters to manipulate the
phase difference between the control commands, we can create
a magnetic imbalance and transfer energy from one source to
another. This is the principle behind ”phase-shift” control.

III. MODELING AND SIZING OF THE TRANSFORMER

A. Theoretical model

The transformer is the key component of the converter.
Its realization requires precise modeling and dimensioning.
Each system (inverter + transformer) can be represented by
an equivalent impedance, allowing the calculation of the
required phase shift for each inverter to control energy ex-
changes. This representation must account for the self and
mutual inductances of each phase and each inverter. Fig. 3

Fig. 3. Representation of the self and mutual inductance of phase 1 of inverter
A.

displays the mutual inductances of phase 1 of inverter A.
This representation can be applied to each phase and each
inverter of the converter. The transformer can be modeled by

a 9x9 inductance matrix (1) representing the self and mutual
inductances of each winding of every inverter. This allows the
extraction of important parameters such as the magnetizing
inductance, the leakage inductances, and the power exchanged
depending on the phase shift between the inverters.

L1a M1a2a M1a3a . . . M1a3c

M2a1a L2a M2a3a . . . M2a3c

M3a1a M3a2a L3a . . . M3a3c

...
...

...
. . .

...
M3c1a M3c2a M3c3a . . . L3c

 (1)

with L representing the self inductance and M the mutual
inductance.
In [6], it was demonstrated that this new matrix allows linking
the magnetizing inductance and the leakage inductances of the
system. In [7][8], an N-branch transformer can be represented
by an equivalent T-model, as shown in Fig. 4, with N+1
inductances.
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Fig. 4. T-model of the transformer.

Lf represents the Leakage inductance and Lµ the Magnetizing
inductance. If we consider the equivalent T-model, taking
phase 1 of each inverter as a reference, it is possible to quickly
calculate the power supplied by the three energy sources.
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LC represents the Cyclic self-inductance considers the inter-
action between the self-inductance and the mutual inductances
within the same inverter. MC represents the Cyclic mutual in-
ductance considers the effect between the mutual inductances
within the same leg and those of the same inverter. VM repre-
sents the midpoint potential, Va is the input voltage of inverter
A and serves as a reference. Vb and Vc are the input voltages of
inverters B and C, respectively phased by angles φab and φac

relative to Va. (Va = [Vm; 0◦],Vb = [Vm;φab],Vc = [Vm;φac]).
From this, the expressions (7), (8) and (9) are obtained [6][9].
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The convention used to express power exchanges between the
inverters indicates that when power is negative, the source
absorbs power, and when it is positive, it supplies power.
Therefore, by adjusting the phase shift of the inverter controls,
it is possible to manage power transfer.

B. Finite Element Sizing

The COMSOL software allows for the realization of a 3D
electromagnetic modeling of the transformer using the finite
element method Fig. 5. This modeling and simulation con-
firmed the theoretical sizing by incorporating a Jiles-Artheton
magnetic model, thereby validating the energy exchange prin-
ciple between inverters through the ”phase shift” control. Fig.
5 shows the magnetic induction in the transformer for a voltage
of 33V and a frequency of 50kHz. The simulation results
demonstrate that the expected powers are achieved without
causing saturation of the magnetic core, thereby confirming
the ability to transfer power between the inverters. Using

Fig. 5. 3D Electromagnetic Simulation of Magnetic Induction in the Trans-
former.

electromagnetic simulation, it is possible to determine the
theoretical inductance matrix. From the inductance matrix, it
is possible to express the magnetic coupling coefficients kxy ,
with M the mutual inductance and L the self inductance.

kxy =
Mxy√
LxLy

(11)

Subsequently, with the help of LTspice software, it will be
possible to simulate and compare the magnetic coupling model
with its equivalent T-model. The results in Fig. 6 indicate that

Fig. 6. Simulation combining magnetic coupling model and T-model.

the two models show differences because, in the T model,
the leakage inductances of the three inverters are considered
equivalent for the same phase. In reality, implementing a
multiport transformer with equal leakage inductances is a
complex task, and as a result, the outcomes can significantly
vary. Since the theoretical expressions are derived from the
T-model, the results obtained from equations (7), (8), and (9)
correspond to those obtained from simulating the T-model.

IV. EXPERIMENTAL TEST RESULT OF THE CONVERTER

As shown in Fig. 7, the manufactured transformer features
two 3C90 magnetic cores that can be stacked. The windings for
each inverter are placed on PCBs arranged to overlap within
the three ’legs’.



Fig. 7. Prototype of the Three-Port Three-Phase Multi-Active Bridge Con-
verter.

The control of each inverter operates in full-wave mode for
a supply voltage Vin = 20 V and a switching frequency of 50
kHz.

Fig. 8. Input voltage of the transformer.

Fig. 8 shows the voltages across the three phases at the
terminals of inverter A.

Vmax =
2

3
.Vin (12)

The equation (12) represents the theoretical maximum value
of the voltage across the coils when the inverter operates in
full-wave mode, with Vmax as the peak voltage across the coils
and Vin as the input voltage of the inverter.

Fig. 9 shows the currents in the coils of inverter A when
the phase shifts ϕab and ϕac are at 0°. Currents ripples are
present due to the leakage and magnetizing inductances of the
transformer.

Fig. 9. Currents of the inverter A ϕab = ϕac=0°.

The magnetic flux in each branch of the transformer is
shown in Fig. 10.

Fig. 10. Magnetic flux in the legs of the transformer.

Fig. 11 depicts the maximum currents for each inverter, with
phase shifts ranging from -10° to 13°. Each inverter is set
up with a specific phase shift combination to reach its peak
current. For inverter A, this current is highest when ϕab and
ϕac are both at -10°. In the case of inverter B, it peaks at ϕab

= 13° and ϕac = 10°. For inverter C, the current peaks at ϕab =
-10° and ϕac = 13°. Despite the 50 kHz switching frequency,
the presence of significant currents for small phase shifts is
due to the lack of series inductances. The Multi-Active-Bridge
relies solely on the low values of leakage and magnetizing
inductances of the transformer, typically in the microhenry
range.



Fig. 11. Maximum current for each inverter.

For the same operating conditions, with Vin=20 V and
switching frequency f=50 kHz, we can graphically represent
the evolution of exchanged powers based on the phase shift
angles ϕab and ϕac.

Fig. 12. Experimental Power Mapping of the Multi-Active Bridge Converter.

Fig. 12 shows that the power mapping of the converter
validates the operating principle of the Multi-Active Bridge
and demonstrates the ability to control energy exchange be-
tween different sources by adjusting the phase shift between
the inverters.

V. CONCLUSION

This study focuses on the development of a three-phase
Multi-Active Bridge converter aimed at interconnecting var-
ious renewable energy sources using hydrogen as a storage
medium. Theoretical analysis has shed light on the possibility
of energy exchange among different sources through a specific
’phase shift’ control. Initial results from experimental tests
have validated the theoretical and simulation work, showcasing
the feasibility of such a converter.
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