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Virtual Research Presentation Conference
Miniature Tether Electrodynamics Experiment (MiTEE)
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Introduction

*  Miniature Tether Electrodynamics Experiment (MiTEE)

* Goal: To develop and demonstrate key technologies for miniaturized
(~10 - 30 m) low-power electrodynamic tethers (EDTs) as
pico/femtoscale satellite propulsion.

* First CubeSat from the team, MiTEE-1 (Pictured on the right), uses a
3U CubeSat to characterize electrodynamics of electron current
collection to a pico/femtosats (<200 gms) attached to a rigid 1m boom

« Second CubeSat, MiTEE-2, will replace 1m boom with 10-30m EDT

» Data from these missions will guide the technology development to
successfully enable miniature electrodynamic tether propulsion pico-
/femtosats.

MITEE-I with Langmuir probe
* In the past three years, MiTEE-1 has matured from its initial design and antenna deployed
phase to the fabrication of a fully functional 3U CubeSat. It will launch
on the NASA sponsored ELaNa 20 mission
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Problem Description

If validated through the MiTEE missions, electrodynamic
tethers could help enable a new paradigm for sophisticated,
ultra-small, positionable constellations of pico/femtosats
(Pictured on the right)

This in turn enables greater capacity for multipoint,
simultaneous measurements or more frequent revisit
measurements of a single locations.

A short EDT provides its own gravity gradient attitude control,
can serve as a possible high gain antenna (communications
and science), and/or as a plasma probe.

This ultimately would enable the development of constellation
missions for ionospheric-thermospheric-magnetospheric
(ITM) science that can be jointly proposed to NASA.

ELECTRODYNAMIC TETHER
Length: about 10 meters
Diameter: 100’s of microns

PICOSAT —————@ <
Mass: about 100 grams
Edge length: centimeters

@ Solar cell

Concept of ED tethers with pairs of
femtosats as a maneuverable
constellation
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Methodology

MITEE-2 will replace MiTEE-1's 1-M boom
with a 10-30m electrodynamic Tether

Each Subsystem team is evaluating key
redesigns for MiTEE-2

VHSSHE () *'+),)-". /' HO-1-"23*"'-45-*—§) 78

CDH - evaluate changing multiple MSP430
architecture to single processor. Research
commercial operating systems.

Commes - Evaluate simpler antenna, tether as
antenna. Develop picosat comm system.
Consider Globalstar or equivalent.

Digitally rendered image of MiTEE-2 partially deployed
and operating nominally in LEO
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Methodology
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Plasma — Consider dual Langmuir Probe (twin probe) concept,
improve emission current and modularize the subassembly,
and evaluate Tether Dynamics of spacecraft

EPS - Evaluate combining CCPS (Constant Current Power
Supply) and HVPS (High Voltage Power Supply) boards into
one

OADCS - Develop more capable ADCS for tether operation

Structures - Replace 1m boom with a (10-30m) tether
deployment system for picosat

Mission ops - Evaluate deploying from ISS to reduce primary
concerns for collisions
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Simplified overview of the
MITEE-2 EDT circuit depicting
the Lorentz Force Equation
F=ILxB
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Fall 19 - Fall 20 Results: MiTEE-1
Q:7 ;06" -/ =" 1"HE B>

« MITEE-1 Hardware and software completed 3y ) — Langmuir Probe
*  MITEE-1 Mission Ops planning in progress
VHSSE>'?)—- 1 /-'2)00/) , =2 0" V'HSSI&'A)B)<: 3 7) /6

+ Better dimensional tolerance tracking S SR SR o | AN

* Incorporate I&T procedures early in design phase — & ____Elcctron Emitter (2)
: L] Solar Interconnect
P Boom Release

A o1 Boom Deployer

& End-Body
Behind Shield

* Prototype spacecraft build-up plan early

* Formalize system of dedicated student liaisons between all
subsystem teams

* Implement formalized timeline milestone goals early in the

design phase MIiTEE-1 with solar board removed

from front face
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Fall 19 - Fall 20 Results: MIiTEE-2
P'A#SHhE'# . )0'H#)07'C:(1
* Defined MiTEE-2 Mission goals
» Used Mission Goals to define subsystem goals
» Started subsystem trade studies
AD+#E'#10"/"/ ."F'GH?"
* 4 UM students attending JPL DARTS Course September-October 2020
* Wil develop an initial MITEE-2 dynamics simulation using the DARTS software
« Advisor: Dr. Marco Quadrelli (Mobility and Robotic Systems, 347E)
$,4106": /#3024 .3V AGHE) 7)) -6) K 1 4<6"HL)08"$M;)E") /6'0<¢ N ; ; 1 364/"6")-"0" 1 "#$P
* Goal 1: Deepen Technical knowledge while developing systems-thinking skills

* Goal 2: Design skills, Team skills, Life-long learning skills
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