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While power electronic converter topologies have
evolved through the years, the design process has not.
The aim of this project is to provide valuable design data
that can improve the research and design process. The
completed algorithm will have the ability to show trade-
offs in power density, efficiency, and cost for various
topologies and their applications.

Unlike other optimization
algorithms, this setup
does not require a closed-
form set of equations; it
uses a circuit simulator,
such as Modellica, to
model the converter. From
there, the data is imported
to MATLAB® for design.
The magnetics design
process is described in
this poster.
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Fig. 2. OpenMETA multi-domain connections.

All models are handled as natural convection without the
use of heat sinks. While the algorithm cannot predict all
losses, it is accurate enough to reduce the design space
for future iterations to a much smaller field of design
points. The three key magnetics design components
modelled are

1. magnetic design,
2. loss calculations, and
3. thermal considerations.

Given specifications for a single design point, the core
size, turns ratio, winding type can be chosen using the
methods in [1]. The limiting factors are the flux density
and core cross-sectional area, so additional core sets are
added to the transformer until the design is feasible.
Then, the core and winding losses are calculated to
determine the efficiency of the transformer. Lastly, heat
dissipation is handled using thermal equivalent circuits to
limit the temperature of the transformer. If at any point
the design is no longer feasible, the process will restart
by decreasing the flux density. Future Work

The algorithm is currently limited to the magnetics design.
Future work will expand the model to include switching
components and capacitors. This model will then be
incorporated into OpenMETA. The completed software
will also include converter topology costs for the multi-
objective optimization comparison.
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Fig. 10. Multi-objective optimization impacts on design.

Results

When completed, this multi-objective optimization
algorithm can reduce development time and costs for any
converter topology and application. Applications of
interest include high power density converters, such as
those used in electrified naval or aircraft systems, and
high efficiency systems, like Solid State Transformer, EV
fast charger, or server database centers.
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𝐴𝑃 = ሾ𝑉𝑝𝑟𝑖 𝐴𝑤𝑝 + 𝑉𝑠𝑒𝑐(𝐴𝑤𝑠)]𝐷𝑘𝑓𝑓𝑠𝑤𝐵𝑚𝐾𝑐𝑢𝐴𝑃 ≤ 𝑊𝐴𝐴𝑐𝑜𝑟𝑒𝑁𝑢𝑚𝑐𝑜𝑟𝑒
𝐾𝑐𝑢 = 𝑁𝑝𝑟𝑖𝐴𝑤𝑝 + 𝑁𝑠𝑒𝑐𝐴𝑤𝑠𝑊𝐴 ≤ 0.3

𝑃𝑣𝑐𝑜𝑟𝑒 = 𝐹𝑊𝐶𝑠𝑞𝐾𝑓𝛼𝐵𝛽
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𝐶𝐷𝐶 = 2 𝜇𝐹𝑅𝑙 = 60.5 Ω 𝐿𝑙𝑘 = 27.5 𝜇𝐻𝐿𝑚 = 322.5 𝜇𝐻𝑓𝑠𝑤 = 50 𝑘𝐻𝑧
Fig. 3. Example of magnetics 

design sweep.

Fig. 4. Litz wire diagram. Fig. 5. Foil winding diagram.

Fig. 6. Thermal equivalent resistive circuit [2].

Fig. 7. Single U core test setup with the following parameters:

Fig. 8. Full load outputs.
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Fig. 9. No load (a) steady-state temperature and (b) outputs.

𝑉𝑝
𝐼𝑝

Experimental Analytical FEA

14.9 W 13.3 W 9.1 W

- 10.7% Error 38.9% Error

Table I: Comparison of Experimental Data to Model and FEA [3].


