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BACKGROUND

RELEVANT FLIGHT EXPERIMENTS

SOAREX/TechEdSat-N Team
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OVERVIEW/LAYOUT

Structure shortened to 2U (217mm)

2u s°|§r Panels Extruded Structure
(TS variant) Design
Solar Panels (Standard TES)
CUBIT Patch A (Seamderd TE)
e Tardigrade board
1 ‘Patch’ antenna in m
noseplate Iridium Antenna #2 COM/CNTR Boards ” 3
Irid1 (Standard TES) (Improved) - "= Exo-Brake and Deployment System
Exo-Brake with ‘soft’ struts for
Iridium/GPS Antenna improved packaging; NO
(Improved location; modulation/winch
Standard TES) By e Aft-Cover
) . A (Standard TES)
) Modified Aft-cover/Jettison
Inhibit Switches (Standard TES) Plate (reduce actuator count)
Teflon Nosecap
Improved Improved Cartridge Design (Ease of
Teflon/Ablator integration/test)
instrumentation 2 WSM Crickets (one stand-

PhoneSat5

PWRBoard poorqswex  S@me Cartridge/Battery design alone on battery; other one

hard-wired for power)

Canon BP955 (Improved)
(Next Generation Descoped
of BP930) PhonesSat

CUBIT powered by PWR board
(SAME power inhibits)

Changes — TechEdSat-6 & TechEdSat-7

Objectives: Advanced communication, :
compact exo-brake, rad-tolerant omni-
board development, optical identification.

TechEdSat-7
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TECHEDSAT-10 DEPLOYMENT

* TechEdSat-10 was deployed from ISS on July 13, 2020
* TLE number was 45917

TES-10 — Environmental testing

TES-10 t+50secs after Jettison Event



SUCCESS CRITERIA

TES-10 ACHIEVED COMPREHENSIVE SUCCESS

* Minimum: Successful avionics system/Tracking; Exo-Brake/ NOAA minimum

function
* Nominal: (Plus)Successful multiple modulations of Exo-Brake/ 1 orbit DCS Pass

* Comprehensive: Targeting to LOS from WFF; (Plus) Minimum capability of
Secondary Tier capability



OVERVIEW/LAYOUT

Plasma Probe

PWR Board
(Standard TES)

(SJSU-2 Experiment)

i

3 Iridium, 1 GPS, 1
WiFi, and 1 GlobalStar
Antenna

\

Teflon Nosecap/
Instrumentation

(Standard TES) /

NOAA DCS Antenna
(Tape Measure)

Tardigrade
(Rad-Hard MCU)

COM/CNTR Boards
(Standard TES)

NOAA DCS

Extruded Structure
Design (6 U) Solar Panels
(Longer) (Standard TES)

SJSU-1 VR

Lunar Radio
Ejection Plate
Deployment Mechanism

PhoneSat8 (Standard TES)
Board Stack

(Improved)

SJSU-2 FatSat

Canon BP-930 Batteries
(2x Number of Batteries)

TechEdSat-10

Exo-Brake and Deployment
System
(Standard TES)

Inhibit Switches Aft-Cover
(Standard TES) (Standard TES)

Nano-Orbital Workshop:

-Most ‘powerful’ NASA 6U (150W-hr)

-Most vociferous (8 radios — UHF, L, S, ISM bands)
Internal/ external Wifi; Zigbee

-Most ‘brains’ (8 processors, NVIDIA TX2 GPU)

-Most cameras (4 including VR experiment)

-Most Exo-Brake (largest one to-date; targeting)



TECHEDSAT-10 ALTITUDE EVOLUTION

Osc. Alt (km)
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Days since 10-Oct-2020



TECHEDSAT-10 RE-ENTRY

e TechEdSat-10 re-entered on 15-March-2021

* Its re-entry was controlled, as it followed a command sent 15-March-2021,
01:57 UTC to activate the exo-brake (here we need to give credit to Sanny Omair,
who computed the exobrake activation time — Omar, S. R. Bevilacqua, Guidance,
navigation and control solutions for spacecraft re-entry point targeting using
aerodynamic drag, Acta Astronautica 155 (2019), pp 389-405).

* 18 Space Control Squadron estimated with a 75-80% chance TechEdSat-
10 re-entered (i.e., altitude = 10 km) some time between 08:19-08:49

UTC




TECHEDSAT-10 RE-ENTRY (CONT.)

* Last TechEdSat-10 data packet was received 15-March-2021, 08:33:57 UTC
* Associate this altitude with 90 km

* [terate on the post-exobrake drag area until altitude at 15-March-2021, 08:33:57
UTC equals 90 km

* A post-exobrake drag area of 0.40573 m**2 best fits these data (a 30.7%
increase wrt pre-exobrake activation):

Time (UTCG) Altitude (km) Latitude (deg) Longitude (deg) | Flight Path Angle (deg) V_Mag (km/sec) AltitudeRate (km/sec) | LatitudeRate (deg/sec)
3/15/2021 8:33:56.7 90.10 -50.295 11.531 -1.234 7.286293 -0.151148 -0.015838
3/15/2021 8:33:57.7 89.95 -50.311 11.625 -1.245 7.275773 -0.152291 -0.015733
3/15/2021 8:33:58.7 89.79 -50.326 11.718 -1.256 7.265224 -0.153454 -0.015628
3/15/2021 8:34:05.0 88.80 -50.423 12.308 -1.328 7.199298 -0.16133 -0.014969
3/15/2021 8:34:29.6 84.38 -50.761 14.572 -1.685 6.955155 -0.199951 -0.01253
3/15/2021 8:35:12.3 73.97 -51.213 18.387 -2.581 6.575552 -0.292951 -0.008725
3/15/2021 8:35:56.0 58.57 -51.518 22.144 -3.842 6.238283 -0.416062 -0.005319
3/15/2021 8:36:39.6 37.32 -51.684 25.745 -5.424 5.948044 -0.561427 -0.002341
3/15/2021 8:37:22.3 10.00 -51.728 29.127 -7.264 5.704975 -0.721383 0.000225 @



TECHEDSAT-10 RE-ENTRY (CONT.)

e TechEdSat-10 Altitude vs. time

Altitude =90 km

\»

System showed relative stability

Altitude above Spheriod (km)

80
N with rapidly building dynamic
N pressure
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TECHEDSAT-10 RE-ENTRY (CONT.)




TES-10 SUMMARY

* TechEdSat-10 re-entered on 15-March-2021, following a command to
activate its Exobrake on 15-March-2021, 01:57 UTC

e Based on the assumption that the time of last data packet reception
(08:34 UTC) corresponds to an altitude of 90 km, we conclude that the
post-exobrake activation drag area increased by 30.7% per command.

* Second ‘modulated drag’ targeting experiment — with future application
to on-orbit sample return, aero-pass maneuvers, etc.

* Experiments were successfully conducted.
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MARS & SAMPLE RETURN

ISS EDL Capabilities For Future Missions
SPQR-Small Payload Quick Return
3 stage concept

J Develop and Test Inexpensive deep-space/Mars surface
science technologies/missions

2019 Suborbital flight
Experiment

SPQR release
(JEM Airlock)

TORV passve Atromos: CubeSat Mission to the Surface of Mars

self-stabilization

TDRV atmospheric

* Mission Attributes
» Self-stabilizing re-entry probe (TDRV-Tube Deployed Re-Entry
Vehicle)
Parafoil release : e EDL Technique for small probes
descent option * Nuclear option for mission longevity

Stage 3 — Guided Parafoil *
NASA Patent Solicitation In Process @

NASA ARC/SOAREX Team
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