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INTRODUCTION:

» The future Electrified Aircraft Propulsion (EAP) e OEmE e | S * A 750V, 100A SSCB module is
systems are expected to use medium voltages at [ T Lo s L developed with liquid Nitrogen
MW power levels [1]. )7 | L4, . (LN,) cooling.

- Fast solid-state circuit breaker (SSCB) is needed — : " [iinefare © The 10 kV, 100A SSCB is consist
for low-inductance MVDC system [2]. * Voo ! ; of 14 such modules.

* Future EAP will also use cryogenic fluids for fuel 2! [Module|_____|Module| [Module| [Module] « GaN dies are selected due to
and cooling superconducting machines. B e s their superior characteristics at

» Cryogenic fluid can be utilized to achieve higher S5CB

> . - . cryogenic temperatures [3].
eff|C|enCy and power den3|ty. Figure 1. Modular SSCB for a bipolar 10 kV MVDC system.

SSCB MODULE STRUCTURE
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cold plate to improve power density.
P P P y Figure. 2. Structure of a 750V, 100A SSCB module: electrical design and mechanical structure.

COLD PLATE AND INSULATION DESIGN

* Thin-walled aluminum cold plate designed to improve
specific power density.

« Cold plate design is modular, allowing each module with
its own cold plate.

« Cold plates are joined by heat-shrink method, which is
reliable at cryogenic temperatures.

« Cold plates are grounded. Each module is subjected to 5 kV insulation stress
in a 10 kV bipolar DC system.

« DBC is designed with adequate thickness. Edges of DBC and exposed parts
of the cold plate are coated with epoxy resin.

Figure. 4. Electrostatic simulation model of the module insulation design and simulation results in Ansys.
 An Ansys model of the designed insulation is simulated with 8 kV between
cold plate and module.
* The simulation result shows that the peak electric field is 16 kV/mm in epoxy
Figure. 3. Modular cold plate of the SSCB. and 11.9 kV/mm in ceramic material, both within their limits.

EXPERIMENTAL RESULTS

« A 750V, 100A module prototype developed
with power density of 329 kW/kg.

 The module is tested in a thermal chamber
at cryogenic temperatures.

 Moule insulation is tested up to 8kV
between module and cold plate. The
observed leakage current is 40 nA.

 Module is successfully tested to interrupt
10x fault current at -180°C with LN, cooling.
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Figure. 5. Developed SSCB module and test result of 1 kA fault interruption.
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