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COLORADO SCHOOL OF

MlNES Presentation Overview

In-Space Hybrid Power System Architecture
» Improved power-density, reliability, resilience,

» High-voltage power electronics converters

O Platforming Power Electronics
» Capable of performing any type of conversion (DC-DC, AC-DC, DC-AC, AC-AC)
Supporting high voltages (up to 10 kV)
High reliability
Radiation tolerant
Interchangeable boards
Optimizing spares, reduced component count

Reduced maintenance and long-duration in-space operation
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Common control (plug & play)

U Space Grade Intelligent Self-Sustained High-Voltage Power Electronics Building Blocks
» In-housed developed silicon carbide (SiC) switches supporting up to 10 kV

» Multilevel neutral-point clamped topology
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COLORADO SCHOOL OF

MlNES In-Space Hybrid Power System Architecture
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COLORADO SCHOOL OF

MlNES Platforming Power Electronics
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COLORADO SCHOOL OF

MINES Space Grade Intelligent Self-Sustained High-Voltage Power Electronics Building Blocks

U Space Grade Intelligent Self-Sustained High-Voltage Power Electronics Building Blocks

» A 3-level neutral-point clamped (NPC)-PEBB

» A5-level NPC-PEBB

U Features

>
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Improved power-density (5%)

Increased reliability (12%)

Increased fault tolerance

Increased energy accessibility over the converter lifetime

In-house developed & packaged SiC switches (10 kV) for in-space
environment (rad-hard, dust tolerant)

Supporting voltages up to 20 kV at the converter terminal
Stackable, interchangeable boards

Bi-directional power flow (source to load & load to source)
Supporting any conversion type (DC-DC, AC-DC, DC-AC and AC-DC)
Intelligent self-sustained: PCB-based built-in overcurrent, overvoltage,
and short-circuit protection; Bypass switch; local controller
Built-in hardware manager: PCB-based current sensors; PCB-based
voltage sensors

A plug & play space vector modulation (SVM) control algorithm

3-level NPC-PEBB 5-level NPC-PEBB
In-house ------------------------
developed 10 !
kV SiC JBS ™7
diode-cell : M.
I ""Df
7
Vsm = 20 kV é

In-house developed 10 kv Caps and diodes
SiC MOSFET switch-cell ~ clamping point

a) In-house developed 10 kV SiC MOSFET switch-cells

SiC-MOSFET-based _— Space for decoupling (c) Proposed SM: 3-level NPC-PEBB with Protection

- i\\/?/;’?/

capacitor assembly

3- IeveI NPC-PEBB

Overvoltage

protection
SiC JBS
diode-cell Sy .| iSu
Bypass + J
Fiber-optic \ > switch for K 5
adapte . < 4 T
s Hardware manager perfrgﬁﬂent {Dljg j"' °
........ Rais1
0
b) 3-level NPC-PEBB stack with 20 kV (+10 kV' D, 4
DC bus, four switch-cells, and two diode-cells Sbypass Thy,| Y Sj'_ Gz Rui2
L 1 "
A
o 92:’] - 4
Decoupling i — /
capacitors — = X || ®EHEmwmxl 0 H—————
W 1
]%gl Overcurrent
'_I: protection  SiC MOSFET  Detachable
ot o< o & switch-cell capacitors

de-link capacitors

Omid Beik, Ph.D., beik@mines.edu | ePower Hubs, https://www.epowerhubs.com

SOLSTICE Proposers’ Day Tuesday, May 7, 2024


mailto:beik@mines.edu
https://www.epowerhubs.com/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5

