@ https://ntrs.nasa.gov/search.jsp?R=20170009384 2019-08-29T23:31:25+00:00Z

Advanced Power Technology
Development Activities for Small
Satellite Applications

Michael F. Piszczor, NASA GRC; Geoffrey A. Landis, NASA GRC; Thomas B. Miller, NASA GRC; Linda M. Taylor, NASA
GRC; Dionne Hernandez-Lugo, NASA GRC; Ryne P. Raffaelle, Rochester Institute of Technology; Brian Landi,
Rochester Institute of Technology; Seth Hubbard, Rochester Institute of Technology; Christopher Schauerman,
Rochester Institute of Technology; Mathew Ganter, Rochester Institute of Technology; Stephen Polly, Rochester
Institute of Technology; Martin Dann, Rochester Institute of Technology; Xiangyang Zhou, University of Miami;
Ryan Karkkainen, University of Miami; Luke Roberson, NASA KSC

315t Annual Small Satellite Conference, Pre-Conference Workshop

R. I T J UNIVERSITY



Outline

|. Introduction

II. Small Spacecraft Technology Program Smallsat Technology Partnerships
a) Demonstration of a Nano-Enabled Space Power System

b) Development of a Lightweight CubeSat with Multifunctional Structural Battery
Systems

c) ALBus Small Sat power demonstrations at NASA
I1l. Conclusions
V. Questions

R-1-T J ‘ UNIVERSITY



To Extend Mission Capability

* Challenges: Parasitic Mass, Power Efficiency Limitations

* Advanced power technology for space applications
* Energy generation
* Energy storage
* Power management and distribution
* Power systems architecture and analysis

* Advancements in such areas will impact the longevity and capabilities
of these missions
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Development of a Nano-Enabled Space Power System

 Nanomaterial-enhanced power system components to allow for reduced weight while
maintaining or increasing capability.
* Quantum dot / Quantum well solar cells

* CNT enhanced lithium-ion batteries Optical Microscopy of Twisted and Braided metal-free CNT

* Carbon nanotube (CNT) wire harness Harness, exceeding 1x10° S/m in electrical conductivity
* CNT thermoelectric energy harvesting .

/

 Nanomaterials
v Significant weight saving

v Minimal change in cost

v’ Increase in available space 3 Ply Laid 3 Ply Braid

Evolutionary advancements in each technology when combined can translate into

revolutionary changes at the system level to provide higher conversion efficiency and
energy density to extend mission capability.
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Approach to Integrating Nanoenhanced Components

Fabricate power system
components which
incorporate
nanomaterials

Characterize SOA
CubeSat power system
components

Replace commercial
devices with
nanoenhanced versions

Integrate finished Characterize CubeSat
components into CubeSat power system

power system. Test under components and make
space conditions necessary changes
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a Enhanced

Benefit of enhancing existing technologies through the use of nanomaterials is that the

enhanced products can serve as drop in replacements to existing infrastructure, minimizing
the need for new equipment and infrastructure.




e W [
Development of Lightweight CubeSat with Multifunctional
Structural Battery/Supercapacitor Systems

* Lightweight 1U CubeSat which utilizes fully Structural Supercapacitor
. . . . Carbon nanotube
integrated structural battery materials for mission —
life extension of 200-300%, larger payload capability oitis o\ %;\A
. o[ Cu foil caatin ) v
and significantly reduced mass of 15% or more. Auatve tociohe s , Medator
(Matrix)
* Mediator-enabled electrolytic polymer Adhesive loctal P

separator (matrix)

v’ Lightweight load bearing structure and an electrochemical Al fol i’ ,
Cathode active
battery system materia
v' High specific power and energy with fast charge rate
v’ Significant weight saving Carbon fiber
. . reinforcement
v’ Increase in available volume for payloads (cathode)

Advancements in structural battery technology can replace parasitic

structural mass with material that provides additional energy, leading to
lighter weigh and extended satellite mission life.
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Progress to Date

All Solid-State mediator
structural supercapacitor stacks

1000
Su percapacitor Fabrication K2 energy stlutions cell 26650P
Company data
g 100
Polymer 1
- -4
electrolyte — N <
2 10
Carbon - = >
black _ = e :
/ S 1 Maxwell supercap "‘.‘
: C dat A
Mediators | l < B Al
\ 8 ﬁ
o : 2 01
Mixed electrode gel » A
- drop on carbon A
® 0.01 LA
l 0.01 0.1 1 10 100

Dry in air at room

/  temperature for 12 hours

Assiiiibli Baseline 260 ] o
% 66%
5 40
PEO/LiX/AC/Mediators Structu ra| ~—Baseline

comoposite electeode - Structural Supercapacitor

Carbon paper__,
Nafion membrane —»
Carbon paper —*

10% Epoxy Adhesive
Identical electrode Polvmer Electralyte

P T T T T
T T T

T T T T T

0.4 0.6 0.8 1.0
Active Materiah: FYDF+LiTF5+Activated Carbon+Conductive Carbon Strain




Advanced Electrical Bus (ALBus) CubeSat
Technology Demonstration Mission

* Provide 100 W capable power management system

 Demonstrate regulated high power bus

* On-orbit demonstration of technologies required for 100 W system

* Power system efficiency = 85%

e EPS shall fit in 1U volume (10x10x10 cm )or less

* CubeSat shall not exceed 4.0 kg mass

* Exhibit solar array mechanisms utilizing shape memory alloy materials



Advanced Electrical Bus (ALBus) CubeSat
Technology Demonstration Mission

* Images from Katie Oriti?
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Power Technologies for SmallSAT

e Power Electronics SBIR work with Qortek:

* Precision fine attitude tuning of SmallSats
(GSFC)

Reaction Wheel
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Nutation Actuator

e Striction based current and voltage sensors for

MEO/GEO (GRC)

e DC/DC conversion — ceramic based power
supply for space bus on SmallSats (GRC)

* Development of SiC and GaN power devices for
space applications (GRC with GeneSiC)
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Power Technologies for SmallSAT

* Super/ultracaps: In development via GRC SBIRs for gz
power and energy storage

* Materials: GRC effort to develop engineering
composite materials for high temperature (>300 C) 1
electronic components

* Power Source: GRC low power Stirling convertor
effort to develop technology for SmallSat
applications

* Testbed: GRC 28 VDC RSIL testbed developed to
test technologies for low power(<450 W)
spacecraft
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R-I-T Wire Comparison Chart

Resistance/Length
(Ohm/m) 3.25 300 70 123
Mass/Length (tex) 2060 12 12 4
Specific Conductivity
(S m~2/kg) 6543 284 1110 2000
# strands to match
Clyde Space wire R/L N/A 92 22 38
# Strands to match
20 AWG equivalent
diameter N/A 10-11 10-11 30




