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Abstract—The ongoing electric grid modernization efforts
have led to a rise in the use of high-frequency (HF) magnetic
components within power electronic converters for grid
integration of distributed energy resources. However, current
methodologies often address the various analysis and design
considerations of HF inductors or transformers separately from
their operation in power electronic-based systems, extending the
timeframe of the studies needed given the iterative and time-
consuming nature of the processes involved. Moreover, realistic
terminal conditions and operational stresses, such as those
related to sudden generation or load variations, as well as the
generalized use of HF semiconductive switches, are not typically
considered. This work examines the effectiveness of a
cosimulation approach for the simultaneous integration of finite
element analysis and dynamic analysis tools, aiming to enhance
the design of HF transformers in power electronic converters
under both transient and steady-state conditions. For this
purpose, an isolated full-bridge DC-DC converter is considered
as a study case, given its widespread application in grid-
connected photovoltaic systems, electric vehicle chargers, and
large-scale industrial power supplies. The proposed cosimulation
approach allows to identify transient responses of power
converters related to the strong interaction between the HF
transformer and the power electronic conversion stages, which
would otherwise be very difficult to observe, thus providing
essential insights for converter design purposes.

Keywords: Cosimulation, finite element analysis, high
frequency transformer, isolated DC-DC power converter,
transient analysis.

I. INTRODUCTION

OWER electronic-based converters are complex and

diverse, making their design and analysis challenging.

Modeling and simulation tools are essential to support this
process. These tools help design engineers gain a better
understanding of the circuits' functionalities, enabling them to
choose suitable topologies and circuit components that align
with the specified requirements. They are also crucial in
evaluating the performance of power electronic converters and
predicting the impact of changes to circuit component values
on operating conditions [1].

From a wide variety of existing power electronic-based
converters, the isolated full-bridge DC-DC converter is
recognized as a key component for integration of renewable
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energies, storage systems, electric vehicles, industrial power
supplies, among other applications. This converter overcomes
the limitations of non-isolated DC-DC converters due to its
high power density, wide range of input voltage capabilities,
and galvanic isolation [2]. Its basic power topology includes
an inverter stage, a rectifier stage, and a high-frequency (HF)
transformer. The galvanic isolation provided by the HF
transformer substantially enhances human safety and system
protection. Additionally, the HF transformer enables high
efficiency and compact size of the system [3]. With this in
mind, accurate and efficient transformer modeling is
paramount for the design of isolated DC-DC converters. This
has been tackled by researchers with different approaches and
levels of detail, as explained below.

Modeling HF transformers using finite element analysis
(FEA) involves the use of software tools that simulate the
transformer's electromagnetic behavior based on the numerical
solution of Maxwell's equations. This can support the
generation of optimized designs with improved performance
and efficiency [4], [5], [6]. However, for HF transformers used
in power electronic-based systems, the complex terminal
conditions provided by switched power conversion stages
under different modes of operation need to be simplified in
FEA, affecting the accuracy of the responses obtained,
particularly during transient analysis.

Lumped parameter models are presented in [7] and [8] as
an alternative to FEA to study HF transformer behavior. This
approach simplifies the complex electromagnetic interactions
within the transformer into equivalent electrical components
and allows better dynamic interaction with models of power
electronic components in power conversion systems.
However, lumped models of HF transformers are commonly
tailored for steady-state analysis and may lack the detail
required for electromagnetic transient studies, as well as the
appropriate inclusion of nonlinear core material behavior.

Cui et al. state in [9] that designing and optimizing HF
magnetic components is a challenging task that requires a
precise and reliable simulation approach. Magnetic
components are critical in high-frequency and high-density
applications, but the absence of sufficiently accurate models
and understanding of material properties is still a significant
issue. This deficiency often leads to oversimplified design
assumptions necessitating an iterative physical prototyping
(trial-and-error) process that is expensive and time consuming.

Based on the limitations described above, it becomes
evident that the appropriate modeling and simulation of power
electronic-based systems integrating HF magnetic components
requires a synergistic approach that combines electromagnetic
simulation and dynamic analysis tools. Cosimulation can serve
as an effective methodology for this purpose, ensuring that the
mutual influence between different physical domains is
considered in a synchronized manner [10], [11]. This approach



can offer a significant advantage over traditional simulation
methods that treat the electromagnetic and circuit domains
separately, which may overlook critical interactions and result
in suboptimal designs [12].

Mohamed et al. developed a physics-based cosimulation
platform for electromagnetic compatibility analysis of
bidirectional inductive wireless power transfer systems in
electric vehicle applications [13]. This was achieved by
integrating a 2D FEA for magnetic components with a circuit
model in the Simulink environment. Abed et al. proposed a
computational model for high-frequency transformers that
utilizes coupled-circuit finite-element (FE) nonlinear analysis
to derive the model parameters [14]. The transformer's
frequency response is determined by integrating the FE model
of the transformer with external electrical circuits. This
method facilitates a physical representation of the nonlinear
magnetization characteristics.

In [15], a cosimulation method that combines the software
packages ANSYS Maxwell, Twin Builder, and Simulink is
used to simulate and analyze the performance of a permanent
magnet synchronous motor (PMSM) in electric vehicles. This
approach allows the integration of magnetic and electrical
domains, thus capturing all relevant effects. The developed
model is applied to the characterization, optimization, and
evaluation of PMSM performance.

Our recent work presented in [16] explored the use of a
cosimulation approach to investigate the saturation behavior of
inductive components in non-isolated DC-DC converters. The
results of this study demonstrated that the unique magnetic
characteristics of different magnetic materials used in toroidal
inductors can significantly impact the transient and steady
state performances of the converter under different loading
conditions. This important observation was made possible by
the cosimulation model.

Based on our preliminary work in [16], in this paper we

evaluate the efficacy of a novel cosimulation-based
methodology to support the transient analysis and
electromagnetic design of high frequency magnetic

components in power-electronic converters, considering a
high-frequency transformer in a full-bridge isolated DC-DC
converter as a test case. By integrating finite element analysis
and dynamic analysis tools, the proposed methodology is able
to accurately reflect the physical characteristics of the high-
frequency transformer within the power converter under both
steady-state and transient conditions. The proposed
methodology is implemented through cosimulation between
COMSOL Multiphysics [17] and MATLAB/Simulink [18],
demonstrating its potential to advance the design and analysis
of high-frequency magnetic components in power electronic
systems.

II. GENERAL METHODOLOGY — COSIMULATION PROCESS

The proposed cosimulation-based methodology consists of
a systematic approach for the design and analysis of magnetic
components within power electronic converters, which
involves the simultaneous integration of a FEM-based tool
with a dynamic analysis technique. This integration is
achieved in this work by utilizing the “LiveLink for Simulink”
add-on in order to connect COMSOL Multiphysics with
Simulink. This approach enables comprehensive assessment of

high-frequency magnetic components in power electronics

converters. The process is as follows:

1. Theoretical Parameter Derivation: The procedure begins
with the analytical calculation of the power converter
parameters from initial specifications based on the type of
converter and its operational characteristics, such as
voltage and power ratings, switching frequency, load
range, etc.

2. Initial Magnetic Component Design: Using the
aforementioned parameters, an initial design for the
corresponding magnetic component is generated. In this
work, an advanced commercial software for magnetic
design known as Frenetic Al is applied for this purpose
[19]. This software employs artificial intelligence
algorithms and incorporates data from real-world
measurements to create a design that is both logically
robust and fine-tuned to meet the initial set of
requirements.

3. Initial Magnetic Component Design Verification: The
developed design is subjected to a verification process.
This involves a comprehensive assessment of the design's
effectiveness, focusing on loss characteristics, geometric
considerations, magnetic material properties, and overall
performance. If the design exceeds physical constraints,
such as the winding size surpassing the available window
in an E core, or fails to meet other established criteria, it is
considered impractical. In this case, the design is
iteratively refined through the design tool used (in our
case Frenetic AI) until it achieves the acceptable
threshold.

4. Magnetic Component FEM Modeling: In the development
of the magnetic component, once a design that meets the
initial criteria is established, a FEM model is constructed
using COMSOL Multiphysics. This step is crucial for the
magnetic component, as it allows for a comprehensive
analysis of its electromagnetic, material, and geometrical
properties. The FEM model not only provides deeper
insight into the electromagnetic behavior specific to the
component, but also validates the theoretical design by
simulating its performance.

5. Determining the Adequacy of the FEM Model: This is
assessed by evaluating the coupling magnetic fields and
voltage distributions to ensure conformity with
predetermined performance criteria. In cases where the
model does not meet these criteria, iterative refinement of
the FEM model is employed to align it with the desired
simulation outcomes.

6. Dynamic Modeling and Cosimulation Execution: After
the FEM model is validated, a functional mock-up unit
(FMU) file is extracted. This file encapsulates the
validated FEM model, facilitating its integration into the
dynamic modeling environment. A dynamic model of the
power converter is then constructed in Simulink. The
FMU file enables the dynamic model to interface directly
with the FEM simulation at each time step, creating a
cosimulation that reflects the live interaction between the
converter’s dynamic behavior and the magnetic
component’s electromagnetic response.

7.  Dynamic Performance Assessment: This stage involves a
detailed analysis of the simulation results from both the
cosimulated and standalone dynamic models. By



comparing the performance of both models, this
assessment can determine the fidelity and additional
benefits of the cosimulation approach in capturing the
transient and steady state behaviors of the power
converter under various operational conditions and
magnetic design considerations, thereby providing a more
realistic understanding of the system’s behavior.

III. DESCRIPTION OF TEST SYSTEM — ISOLATED FULL-BRIDGE
DC-DC CONVERTER

The basic representation of the cosimulation model of the
isolated full-bridge DC-DC converter is shown in Fig. 1.

The converter is modeled in Simulink in open-loop mode
and operates with an inverter stage and a rectifier stage. The
inverter stage is fed by a DC source of 800 V and is comprised
of an H-Bridge topology based on IGBTs, which is controlled
using a switching signal at 30 kHz. The rectifier is comprised
of a diode bridge and includes a filtering capacitor of 5 uF.

The high-frequency transformer is modeled in COMSOL
Multiphysics, focusing on its geometric design and material
properties, and considering the nonlinear behavior of the core
materials. This is achieved by introducing the BH curve of the
corresponding material into COMSOL according to the
saturation curves shown in Fig. 2.

A voltage-dependent and current-dependent transformer
model, similar to the approach used in [13] for wireless power
transfer, is implemented in Simulink and fed by primary and
secondary currents calculated by COMSOL for each time step
of the simulation. At the same time, COMSOL’s currents
calculation depends on the high-frequency primary and
secondary voltages of the converter, creating a live interaction
between Simulink and COMSOL, as illustrated in Fig. 1.

The FEM-based transformer model includes an E-type core
with primary and secondary coils placed around the center leg,
as shown in Fig. 3. Meshing for finite element analysis is
defined to ensure accurate electromagnetic simulation under
various conditions with the lowest possible computational
time, which is particularly important for cosimulation
purposes.

Coils excitation is driven by the “Coil Geometry Analysis”
feature in COMSOL, which defines the coils current flow
based on their 3-dimentional physical layout for a proper
electromagnetic behavior of the transformer. In addition, this
detailed coil representation facilitates the integration of the
FEM model with Simulink for the cosimulation process.
Through this integration, the transformer model can be
evaluated in a dynamic electrical circuit environment, where
detailed FEM results influence the behavior of the power
electronic conversion stages, and vice versa.

The high-frequency transformer model employs voltages
across current-controlled sources in COMSOL as control
signals for its voltage sources. At each time step, the coil
currents obtained once the COMSOL model is solved are
applied to regulate the current-controlled sources in Simulink.

IV. RESULTS AND DISCUSSION

The isolated full-bridge DC-DC converter model setup is
implemented as illustrated in Fig. 1 to test and validate the
cosimulation approach. Following the process described in
Section II, the HF transformer with the parameters defined in

Tables I and II is implemented in COMSOL.

Several case studies are considered to investigate the
performance of powder material and ferrite E-core
transformers used in an isolated full-bridge DC-DC converter.
Then, different sizes of ferrite core gaps are considered to
evaluate the transient response of the system. The gaps in this
study include sizes of 0.5, 0.65, 0.78, 0.85, and 1.05, all in
millimeters. Each gap size is tested by studying the transient
voltage and current performances of the isolated full-bridge
DC-DC converter at fixed load (22 Q) and during sudden load
variation. For the latter, the load is modified from an initial
value of 22 Q by connecting a parallel 3 Q load 0.08 ms after
the start of the simulation to produce a sudden overload
condition with an equivalent load of 2.64 Q.

In terms of computational effort, the cosimulation process
involves a substantially larger simulation time than a
standalone Simulink or COMSOL execution, due to the time
needed to exchange information between the two tools via the
functional mock-up unit (FMU). The approximate execution
time to run a case is 78 minutes using a computer server with
the following characteristics: Intel® Xeon Silver 4210R CPU
@ 2.40 GHz with 256 GB of installed RAM.

A. Powder Core

Powder material is a high frequency material that has a
distributed air gap. It is used for magnetic components in
power electronics converters, such as inductors and
transformers. Since powder material has an air gap evenly
distributed at a microscopic scale, physical gaps are not
commonly applied [20]. To investigate the use of powder core
in the high frequency transformer core of an isolated DC-DC
converter, the study case initially considers a fixed load
condition. The material used for this study is KoolMu 60 [21],
with the saturation curve shown in Fig. 2 in red.

Fig. 4 shows the initial load voltage of the converter
simulated with a non-gapped powder E-core transformer. It
can be observed that the time constant under this condition is
slow and a substantial voltage drop is produced under the load
applied. The load voltage reaches 420 V at approximately 200
ps. This means that the leakage inductance of the high
frequency transformer is large, which affects the appropriate
operation of the converter system [22]. The slow response of
this transformer would also affect the proper operation of the
control system of the converter. In addition, it can cause an
increase in the size and the cost of the transformer [23].
Lastly, increased leakage inductance can significantly impact
the converter’s power transfer, especially for heavy loads [24].

B. Ferrite Core — Non-gapped

Fig. 5 shows the transient load voltage response when a
ferrite material is used for the transformer core of the
converter. The saturation curve of this material is shown in
Fig. 2 in blue. The load voltage rises sharply at 50 ps to the
steady state, which is a much faster response time compared to
the powder core case in Fig. 4. However, the voltage does not
reach its nominal value of 500 V with a load of 22 Q, staying
at approximately 450 V. Due to the lack of an air gap to
control saturation in this case, the nonlinear behavior of the
core is reflected in the results. This behavior impacts the
transformer’s magnetizing inductance [25], [26], affecting the
overall performance of the converter.
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TABLE 1. CORE DIMENSIONS

Dimension | Value (mm)
A 80

B 76.2

C 19.8

D 19.65

E 56.4

Gap variable

TABLE II. MAIN PARAMETERS OF THE TRANSFORMER

Parameter Value

Primary Voltage 800V

Secondary Voltage 500 V

Primary Turns 54

Secondary Turns 34

Core Material Powder or Ferrite

Voltage (V)
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Fig. 4. Transient output voltage of the converter with powder core in the HF
transformer
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Fig. 5. Transient output voltage of the converter with non-gapped ferrite core
in the HF transformer



C. Ferrite - Gapped

After exploring E-core transformer behavior for powder
(distributed gap) core and non-gapped ferrite material,
different air gap sizes are considered for the ferrite core. These
gaps are physical distances in the middle leg of the E-core,
where the magnetic circuit behavior is deliberately interrupted
to control the transformer’s inductance. The air gap size plays
an important role in transformer design as it affects its
magnetizing and leakage inductances. A properly sized air gap
in the core can help improve the overall performance of a
high-frequency transformer [27]. Thus, examining the impact
of air gap sizing on the dynamic behavior of the isolated DC-
DC converter is very important.

In Table III, which is generated as a quantitative summary
of the results shown in Figs. 6 and 7, the peak voltage and
peak current represent the maximum overvoltage and
overcurrent reached during the initial transient stage of the
converter’s operation.

The peak time in all cases is approximately 20.5 ps, while
the peak voltages range from 613.1 V (22.62% above nominal
value of 500 V) to 641.9 V (28.38% above nominal value),
and the peak currents vary from 27.25 A (19.9% above
nominal value of 22.73 A) to 28.53 A (25.53% above nominal
value), indicating that the transient behavior of the converter is
moderately affected by the choice of gap size. In addition, the
settling-time voltage and current, which represent the
stabilization of the waveforms after the initial transient stage,
are also depicted in Table III. This time is approximated as 67
us for all cases under study.

The settling-time voltage ranges from 473.6 V (94.72% of
nominal value) to 485.4 V (97.08% of nominal value), while
the settling-time current ranges from 21.05 A (92.62% of
nominal value) to 21.57 A (94.91% of nominal value).
Furthermore, the steady-state voltage and current,
corresponding to the arithmetic mean of the waveforms from
the settling time until the end of the simulation (from 67 ps to
200 ps), are also depicted in Table III.

The steady-state voltage ranges from 458.3 V (91.66% of
nominal value) to 464.9 V (93.46% of nominal value), while
the current steady-state current ranges from 20.37 A (89.63%
of nominal value) to 21.13 A (92.97% of nominal value).

Overall, the results in Table III indicate that the best
performance of the isolated full-bridge DC-DC converter is
achieved with air gaps sizes between 0.78 and 0.85 mm.
However, the transient voltage and current responses and
steady state ripples are still considerable, which could be
improved by optimizing the size of the output capacitor filter.

TABLE III. PEAK AND SETTLING-TIME OUTPUT VOLTAGE AND CURRENT OF
THE CONVERTER WITH DIFFERENT GAPPED E-CORE TRANSFORMERS

Gap Peak Settling-time Steady-state
Size voltage/current | voltage/current | voltage/current
[mm] Percentage of nominal value [%]

0.5 122.62/119.90 94.72/92.62 91.66/89.63
0.65 128.38/125.53 96.94/94.73 92.84/90.77
0.78 127.12/124.30 97.08/94.91 92.98/92.97
0.85 127.12/124.30 97.08/94.91 93.46/91.39
1.05 122.74/120.03 95.76/93.63 92.86/90.82
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Fig. 6. Output voltage of the converter for different air gap sizes under

comparison: (a) transient response, (b) zoom-in at max. overshoot time, (c)
zoom-in at settling time

Fig, 6 shows the transient output voltage of the converter
after energization under fixed load. Fig. 6a corresponds to the
complete time window for the first 0.2 ms. Fig. 6b shows a
zoom-in of the maximum transient overvoltage, while Fig. 6¢
illustrates the converter’s response as the output voltage settles
to its steady state. Similar waveforms for the transient output
current are shown in Fig. 7.

D. Overload Condition

Fig. 8 illustrates the transient output voltage of the isolated
full-bridge DC-DC converter using different transformer core
models (gapped and non-gapped) under a sudden overload
condition (3 Q load suddenly connected in parallel to an initial
22 Q load). Figs. 9 and 10 depict the output current of the
converter under the same conditions. Currents for gapped and
non-gapped topologies are separated into two figures because
the non-gapped response produces substantially higher values.
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According to Fig. 8, the voltages show a higher initial peak
and significant ripple for the non-gapped core. However, when
an air gap is introduced, the voltage ripple diminishes. The
gapped transformer helps reduce core saturation, which leads
to a smoother voltage and less fluctuation under dynamic load
conditions [28]. In addition, an appropriate choice of gap size
can balance magnetic flux density (between a high value that
can take the transformer into saturation and a low value that
would increase leakage flux) to further reduce the voltage
ripple and limit voltage drop during overload [28], as noticed
in the relatively stable output of the converter using the 0.78
mm and 0.85 gapped cores.

As shown in Fig. 9, gapped transformers in the range of
0.78 to 0.85 mm exhibit smooth current transitions and lower
ripple. The gap helps limit core saturation under overload
conditions, which limits inrush currents and reduces losses
associated with switching transients [29]. In contrast, the plot
in Fig. 10 shows that the non-gapped transformer results in
very high initial current spikes in the converter’s output and
maintains substantially higher current values during steady
state when compared with gapped topologies. This is due to
core saturation and can result in high inrush currents and
power losses [30].
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Fig. 8. Output voltage of the converter with non-gapped and different air
gapped transformer models under sudden overload condition: (a) transient
response, (b) zoom-in at time of overload, (c) zoom-in after settling time

On the other hand, responses considering a linear
transformer model (no cosimulation) are included for both
voltage and transient responses. It can be observed in Figs. 8
and 9 that the use of a linear transformer model, very common
in dynamic analysis of power conversion systems, is unable to
provide an appropriate prediction of the system’s behavior for
both transient and steady state conditions, completely
underestimating the transient overvoltage at the beginning of
the event and resulting in very different steady state voltage
and current magnitudes during overload. This further exbibits
the benefits of the use of the proposed cosimulation approach
to study the effects of different transformer design
considerations in the dynamic analysis of DC-DC converters.

By comparing the results for different gapped E-core
transformer models (all using ferrite material), the models
with 0.78 mm and 0.85 are considered the most appropriate
ones because they provide better power transfer capability
while limiting voltage and current ripples under fixed load and
sudden overload conditions. From these two options, the
isolated full-bridge DC-DC converter with 0.78 mm gapped
transformer would be preferred since a smaller air gap can
help avoid the fringe magnetic flux in the gap and
corresponding eddy currents and losses at high frequency [31].
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Fig. 9. Output current of the converter with different air gapped transformer
models under sudden overload condition: (a) transient response, (b) zoom-in
at time of overload, (c) zoom-in after settling time
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V. CONCLUSIONS

This paper evaluated the transient and steady state
performance of powder and ferrite material E-core
transformers in an isolated full-bridge DC-DC converter, by
means of a cosimulation approach between a FEM-based
model of the high-frequency transformer in COMSOL and a
dynamic simulation-based model of the power electronic
conversion stages in Simulink. The study focused on
transformers with different core materials and gap sizes. Each
transformer configuration was tested under fixed load and
sudden overload conditions to assess voltage and current

transient and steady state behaviors.

For the selected powder material core, the distributed air
gap increases the leakage inductance in the transformer, which
results in a slower response of the converter when compared
to the use of ferrite core. This would negatively impact the
converter’s performance. Ferrite material core is then tested
with both non-gapped and gapped configurations.

For the non-gapped ferrite material core, a rapid increase in
voltage is observed, although it does not achieve the nominal
value. Conversely, the introduction of various gap sizes
enables control over the magnetizing and leakage inductances,
thereby enhancing the converter's performance. In particular,
E-cores with gaps of 0.78 mm and 0.85 mm produced the best
performance, effectively balancing peak and steady-state
voltage and current values.

This work also evaluated different load conditions, which
showed that gapped transformers can be more effective in
reducing core saturation and limiting voltage ripple. The 0.78
mm gap transformer in the isolated full bridge DC-DC
converter is selected for its balanced performance, which
could be further enhanced by increasing the size of the
capacitive output filter.

Finally, although the evaluation of the dynamic behavior of
the converter as a function of the transformer’s geometrical
and material properties using cosimulation offers a great
insight into potential performance enhancements, a more
comprehensive design process should also consider core losses
and overall efficiency, as well as other design aspects such as
insulation and thermal stresses. Cosimulation can be further
applied for this purpose combined with multiphysics
optimization procedures.

VI. REFERENCES

[1]1 S. Surya, A. Chhetri, M. Arjun, and S. Williamson, “Effective power
electronics understanding using circuit simulation,” IEEE Potentials,
vol. 42, no. 6, pp. 25-31, 2023.

[2] M. A. Alam, A. F. Minai, and F. 1. Bakhsh, “Isolated Bidirectional DC-
DC Converter: A Topological Review,” e-Prime - Advances in
Electrical Engineering, Electronics and Energy, vol. 8, no. May, pp.
100594, 2024.

[3]1 S. Yalgin, T. Goksu, S. Kesler, and O. Bing6l, “Experimental analysis of
phase shift modulation methods effects on EMI in dual active bridge
DC-DC converter,” Eng. Sci. Technol. an Int. J., vol. 43, 2023

[4] A. H. Muhammed et al., “High Frequency Transformer Design and
Modelling Using Finite Element Technique,” Doctoral Thesis,
Newcastle University, 2000

[5] N. Y. Abed and O. A. Mohammed, “Physics-Based High-Frequency
Transformer Modeling by Finite Elements,” IEEE Trans. Magn., vol. 46,
no. 8, pp. 3249-3252, 2010

[6] O. Olowu, H. Jafari, M. Moghaddami and A. 1. Sarwat, "Multiphysics
and Multiobjective  Design  Optimization of High-Frequency
Transformers for Solid-State Transformer Applications," [EEE Trans.
on Industry Applications, vol. 57, no. 1, pp. 1014-1023, Jan.-Feb. 2021

[77 D. T. M. De Souza and J. A. Pomilio, “Comparison between lumped
models for high-voltage high-frequency transformers,” 2018 13th
IEEE/IAS Int. Conf. on Industry Applications (INDUSCON), Sao Paulo,
Brazil, 11-14 Nov. 2018

[8] L. Mandache, A. Marinescu and 1. G. Sirbu, "Lumped Circuit Model of
High-Frequency Power Transformers for Time-Domain Analysis," 2020
7th International Conference on Energy Efficiency and Agricultural
Engineering (EE&AE), Ruse, Bulgaria, 12-14 Dec. 2020

[9] H. H. Cui, S. Dulal, S. B. Sohid, G. Gu, and L. M. Tolbert, “Unveiling
the Microworld Inside Magnetic Materials via Circuit Models,” IEEE
Power Electron. Mag., vol. 10, no. 3, pp. 14-22, 2023

[10] L. Tang and S. Luan, “Cosimulation of Bistable Permanent Magnet
Circuit Breakers,” IEEE Trans. Ind. Electron., vol. 71, no. 3, pp. 2800—
2809, 2024



(1]

[12]

[13]

[14]

[15]

[16]

[17]
[18
[19]

[}

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

S. Safavi, “Co-Simulation of Coupled Electromagnetic and Nonlinear
Circuit Problems Using the Partial Element Equivalent Circuit Method,”
Doctoral Thesis, Lulea University of Technology, Sweden, 2014

J. de D. Nshimiyimana, F. Plumier, P. Dular, C. Geuzaine, and J.
Gyselinck, “Co-simulation of finite element and circuit solvers using
optimized waveform relaxation,” 2016 [EEE International Energy
Conference (ENERGYCON), Leuven, Belgium, 4-8 April 2016

A. A. S. Mohamed, A. Berzoy, and O. A. Mohammed, “Physics-Based
Co-Simulation Platform for EMC Analysis of Two-Way Inductive WPT
System in EV Applications,” 2016 [EEE Veh. Power Propuls. Conf.
(VPPC), Hangzhou, China, 17-20 Oct. 2016

N. Y. Abed and O. A. Mohammed, “Physics-Based High-Frequency
Transformer Modeling by Finite Elements,” IEEE Trans. Magn., vol.
46, no. 8, pp. 3249-3252, 2010

T. K. Mersha and C. Du, “Co-Simulation and Modeling of PMSM Based
on Ansys Software and Simulink for EVs,” World Electric Vehicle
Journal, vol. 13, no. 1. 2022

F. Alyami, J. C. Gnamien and P. Gomez, "Cosimulation Approach for
Transient Analysis and Inductor Design of DC-DC Buck Converters,"
2023 IEEE 24th Workshop on Control and Modeling for Power
Electronics (COMPEL), Ann Arbor, M1, USA, 25-28 June 2023
COMSOL Multiphysics v6.2, COMSOL, Burlington, MA, USA, 2024.
MATLAB/Simulink R2023b, MathWorks, Inc., Novi, ML, USA, 2023.
“Online Magnetics Design Platform by Frenetic - Frenetic.” Accessed:
Dec. 16, 2024. [Online]. Available: https://frenetic.ai/

L. Solimene, D. Cittanti, F. Mandrile, S. Musumeci, and R. Bojoi,
“Optimal Air Gap Length Design in Powder Core Inductors,” IEEE
Trans. Magn., vol. 59, no. 11, pp. 1-5, 2023

“Magnetics — Kool Mu Cores.” Magnetics. Accessed: Feb. 12, 2025.
[Online.] Available:  https://www.mag-inc.com/Products/Powder-
Cores/Kool-Mu-Cores

A. Shakoor, A. U. Haq, and T. Igbal, “The Development and Evaluation
of a High-Frequency Toroidal Transformer for Solid-State Transformer
Applications,” Engineering Proceedings, vol. 45, no. 1, pp. 04, 2023

T. U. Jung, M. H. Kim, and J. H. Yoo, “Design optimization of high
frequency transformer with controlled leakage inductance for current fed
dual active bridge converter,” AIP Advances, vol. 8, no. 5,2018

A. Sharma and J. W. Kimball, “Novel Transformer with Variable
Leakage and Magnetizing Inductances,” 2021 IEEE Energy Conversion
Congress and Exposition (ECCE), Vancouver, BC, Canada,10-14 Oct.
2021

X. Chen, G. Xu, Q. Shen, Y. Sun, and M. Su, “Magnetizing and Leakage
Inductance Integration for Split Transformers With Standard UI Cores,”
IEEE Trans. Power Electron., vol. 37, no. 11, pp. 12980-12985, 2022

L. H. Dixon, “Magnetic Field Evaluation in Transformers and
Inductors,” Texas Instruments Inc., Application Note SLUP171, 2004.
Y. Li, H. Liu, H. Sun and Z. Wan, "High-Frequency Loss Modeling of
Amorphous and Nanocrystalline Cores with Different Air Gaps," /IEEE
Transactions on Magnetics, vol. 58, no. 2, pp. 1-5, Feb. 2022

M. Fritsch and M. Wolter, “An Alternative Method for Dealing with
Saturation in High-Frequency Current Transformers,” 2022 IEEE
International Conference on Power Systems Technology (POWERCON),
Kuala Lumpur, Malaysia, 12-14 Sept. 2022

M. L Hassan, L. Dorn-Gomba, A. D. Callegaro, M. Narimani, A. Emadi,
and M. F. Cruz, “Transformer design optimization for power electronic
converters in electric aircraft,” 2020 IEEE Transp. Electrif. Conf. Expo
(ITEC), Chicago, IL, USA, 23-26 June 2020

A. K. Al-Khalifah and E. F. El-Saadany, “Investigation of Magnetizing
Inrush Current in a Single-Phase Transformer,” 2006 Large Engineering
Systems Conference on Power Engineering, Halifax, NS, Canada, 26-28
July 2006

D. L. Zaikin, S. Jonasen, and S. L. Mikkelsen, “An Air-Gap Shape
Optimization for Fringing Field Eddy Current Loss Reductions in Power
Magnetics,” [EEE Trans. Power Electron., vol. 34, no. 5, pp. 4079—
4086, 2019



	I.   Introduction
	II.   General Methodology – Cosimulation Process
	III.   Description of Test System – Isolated Full-Bridge DC-DC Converter
	IV.   Results and Discussion
	A.   Powder Core
	B.   Ferrite Core – Non-gapped
	C.   Ferrite - Gapped
	D.   Overload Condition

	V.   Conclusions
	VI.   References

