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INTRODUCTION DETUMBLING

The 3UCubed project 1s a 3U CubeSat being developed |To achieve the science goals for this mission,

FUTURE WORK

Power Analysis: In the future, power generation and
oniro ode be

by the University of New Hampshire, Sonoma State |3UCubed will be nadir (Earth) pointed such that the None | Detumbling | Y- Y- XYZ wheel consumption data extracted from EOS will
University, and Howard University as a part of NASA |ERPA and UV-PMT are imaging along the magnetic &isst | Thomson | Womentum | (allmodes) | ' gnalyzed and compared to the same calculations done
IMAP student collaboration. This project consists of a |field lines when the spacecraft is in the cusp (polar) EREZE) Nere | Ok | o in Ansys Systems Tool Kit (STK) to ensure accuracy
multidisciplinary team of undergraduate students from |regions. The spacecraft will initially be in a random [RESSNEE veoctometsr T O | ox of the data. This will be used for the satellite’s power
all three universities. The science mission goal of the |tumble when released into the space environment, and . - budget In the future.
3UCubed Is to understand how Earth's polar upper |thus uses the ADCS to stabilize. rate + pitch
atmosphere (‘the thermosphere’ in the auroral and cusp. | The ADCS has two control stages, detumbling and Y- e i o o Continue Optimizing EOS Simulation: Work will
regions) responds to particle precipitation and |momentum. It will go through four control modes and MEMS Gyro |- OK OK continue In EOS to further optimize ADCS
varying conditions assoclated with - sy three estimation modes (Figure 2) before reaChing Its Table 2: Table depicting valid mode transitions, sourced from CubeSpace performance.
solar wind forcing and internal | e final stabilized state. | |
magnetospheric  processes. The . Control Mode | Control Mode Description |  Actuators Used | Estimation Mode 15?322:;1 Modes used by 3UCubed (Table 1) were chosen Update Scheduler Script: In EOS, a scheduler script
3UCubed satellite iIncludes two BDot Uses a BDot Detumbling | Y- magnetorquer | MEMS Rate | XYZ angular rates using the information In Table 2. Can i_nitiate transition from one mOd? to an_other _based
instruments with rocket heritage, an . mai??ﬁﬁ?fif;;Zt:;mp (M;:i;arte) on time stamp. In the future, this -SCFII-J'[ will be
Ultraviolet Photomultiplier  tube . decesingthe satele's updated to reflect current control/estimation modes
(UV-PMT) to measure neutral |amm Y Thompson | Adds Y Thompson spin t XVZ Triad Vaw, Pich, and and their respective time stamps.
] o Spin (YSpin) BDot using the —X and —Z magnetorquers Roll angles, XYZ

atomic oxygen emissions, and an _— magnetic torquers angular rates

- - Y-momentum Y-momentum wheel ramps, XYZ MEMS Gyro Ekf Yaw, Pitch, and
Electron Retarding Potential ‘ Wheel Initial | and most of the body spin | magnetorquers, Y- Roll angles, XYZ
Analyzer (ERPA) to measure S o e " o Bine
energetic ~ precipitating  electrons . ‘ el It IR Bl I
These two Instruments require tight . ‘ (Wheel) | within 25 degrsof e | momentum Whee! ngulr s, X2
pointing along the magnetic field =& —SERE== Figure 2: Image of 3UCubed satellite
lines within the cusp region. | Table 1:ADCS control and estimation modes used for 3UCubed mission nadir pointed in EOS

Figure 1: 3UCubed render

CONCEPT AND DESIGN

3UCubed aims to detumble and stabilize as efficiently and CubeACP > Estimated Angular Rate Error Fiqure 4: Image from Ansys STK of potential orbits
Mission Level Requirements effectively as possible. To achieve this, each control mode has . for 3UCUbed mission.
ADCS: 3UCubed shall be capable of determining |been analyzed and its stability determined. Table 3 was created ol
attitude and position. based on the angular rate error (for XYZ body angles), which AC K N OW I_ E D G M E N T
can be seen In the figure on the right We would like to thank all who have contributed to the
BUS Level ReqUirementS azr;t;m Eqs;ijrgation I\DfILcl:ng?iDnin IE;ISrd;im t_Stable t_Final t_Delta gi.:rf;rgular f;ge.::ﬂnrgular g:i;jﬁrrate 2E 3UCUI.3€d miSSiOn InCIUdIng the 3UCUbed team,
Attitude determination: ADCS shall allow for a FOS (sec) (degls)  ((cegls oo | el Including Grace Cardarelll.
knOWledge of the pOinting within £5° with respect to . — + + - FigueS:EOS generated analysis of estimated angular rate
magnetic field inside the cusp. e e PO GEOR 7D I ngabt;?e+;§$ln o - h error (XYZ) over time, for all control modes R E F E R E N C E S
Attitude control: ADCS shall be able to point with The point of stability (t_stable) was| [1] Pitout, F., & Bogdanova, Y. V. (2021). The polar
accuracy +10° with respect to magnetic field in cusp. YR [FdFUiStare 02:00-03:30 5400 0228 (0330 L eabler 2700 100016 [00487 - 0.0042 determined when the angular rate error | cusp seen by Cluster. Journal of Geophysical Research:
) ] YWheellnnit EkfGyro 03:30-04:45 4500 04:00 04:45 t_stable+ 2700 0.0009 0.0030 0.0035 became more ConStant Or nsettled" Close Space PhySiCS’ 126’ 62021\]A029582
To meet these requirements, 3UCubed will use the to zero. An additional 45 minutes (= 0.5| [2] Shepherd, S. G. “Altitude Adjusted Corrected
Genl CubeADCS developed by CubeSpace. This | e eere  eesna o590 Lo pleTaI00 0027 00080 0003 orbit) was added to t_stable as a buffer. | ' Geogmagnetic Coordinates.”
ADCS 15 a 3-axis stabilized system and will be The average angular rate errors were | Superdarn.thayer.dartmouth.edu,
equipped with three magnetorquers (XYZ) and one Y- Table 3: Table showing data used to determined stability of each mode determined from numerical error data superdarn.thayer.dartmouth.edu/aacgm.html.
momentum wheel collected from EOS.
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