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llslsv(\:e?actéie/erter NASA Wallops Flight Facility requires any projectile shot from the sounding rocket to Er(et)):tzlolrl;tlc?ns to the space .debrls problem include the characterlzatlpn of stablle and unstaple
. have a velocity of less than 1 inch/sec. To achieve this goal a spoke was mounted to a getirs WSS SREE S me el el Sl Sl eankiiment of (nelese) efizl
Customlzed. PCB servo which was programmed with a simple Arduino “delayed step” servo code. We decay [5]. Technologies, such as electrostatic charge repulsion, can redirect debris without
iIZ gl V;'red - then measured velocity to determine the appropriate delay. making contact, providing distinct advantages like increased operational distances and
P\l/J(r:nlnum S (23, Sl reduced risk of collision [6]. The mission of our primary experiment will demonstrate that a
LED strip passive electrostatic charge can be used to influence the trajectory of small debris.
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Mission Statement: As participants in a A camera augmented with image
global effort to prevent harmful processing code will record
repercussions associated with increasing changes to particle trajectory with

space debris, our project mission is to video over-blottina onto a arid
design, implement and fly a sounding rocket P g 9

payload that will collect the foundational system.'Limited data will be sgnt
data needed to develop passive, back via telemetry to confirm

cost-effective methodology for de-orbiting  functionality and image capture.

small, fragmented space debris, using a This will provide a proof of
platform of electrostatic repulsion and concept for a space clean up

incorporating material properties of 3D . .
printepd comgonents prop method where electrostatic R2=0.5313 ' was graphed. Figure 6 shows a
' induction reduces the orbital strong correlation between increased

Objective: We have designed a sounding  velocity of space debris, resulting \ 4 . ' \ " ProgummedSemoDely ZGLV? Stlep't delay and decreased
rocket payload which contains two in a decaying orbit, where debris A~ : ' eporis velocity.

experiments: 1. Implementation and use b . Figure 6. Mechanical servo code delays
) e : urns up in the atmosphere - i i
of a static electric field to meanmgfu”y p p increased vs velocity of debris recorded.

impact the trajectory of simulated space before reaching Earth.. MethOdOIOQy i

fragments. ] _ _ For this project, our team designed a sounding rocket payload (Figure 2) which contains Servo Code Delays and Testing
Benefits: Space debris  will two experiments. This poster features our primary experiment, which focuses on creating Calibrations

How it works: The primary experiment continue to pose significant . a static electric field to cause change in the trajectory of a simulated space debris To increase trial speed and accuracy, a

uses a worm-drive mounted motorized problems or failures to current and | fragments. The functional and innovative design of the payload was the result of our

: . . : g hotogate was constructed and calibrated
rabbit fur covered apparatus to impart i TTSNSPTESN mechanical, electrical and software teams working in concert. P , e
static charge on a polycarbonate plate. A future space missions. Mitigation is for the ideal sensitivity programmed from

linear sequence of timer events, will power ~ IMperative to ensure successful M Overview: The sequence begins when the ' the Arduino. We designed a launcher 7
a launcher to propel four small (6mm, 0.26 missions and to protect Vvital Ll rocket reaches apogee at 90,000ft, and is chamber with apertures for LEDs and i = B = =

g) aluminum balls across the charged  orbiting satellites. el . despun, producing microgravity conditions.

sheet. View Our control system signals the charging SelEEEEneing pretregisens. (Ferme o
Debris Launching | > b | Electronics Box apparatus to apply a Charge to the The ArdU|nO COde was ertten to take time

Apparatus . D
_ pOcharbonate plate’ and the debris measurements between the first and Figure 7. Average deviation and percent error
Gamera Mount e L oravey@evited - launcher  ejects  four aluminum  balls in second sensor activation. Thirty trials at within trial sets vs sensitivity settings.

: SR | .. Ry series into the trajectory chamber. As the each of the sensitivity settings were _ Recommendations
Introduction o - aluminum balls pass by the charged plate, conducted and graphed. In addition we calculated percent error
e two cameras measure any shift in the debris

for charging fur

. . — — — from the projectile and compared the
The aggregate of space debris orbiting the earth has grown exponentially over the past Payload Deck path caused by the generated static electric e Elbeiey GRS i DS CH MR SSF results (Figure 8). We selected the
two decades; an alarming trend with potentially catastrophic impacts on global aerospace Frure 2. Mochanical oavioad desi f|eld. A” four trajecto.nes will be measured, , , ' fully understood or explored, but teams like ours are laying the groundwork for future
activity. In 1978, Donald J Kessler, a scientist at NASA, predicted that the finite area in gre £ Hechanical payload design ?cludlr_}?ba control W'tr; no plate (C:iharge.dAII - sett!nQ_S D S SMEles; VS studies. Already, our team is continuing the research done by the 2017-2018 Colorado
LEO available to satellites coupled with the growing number of satellites would lead to an ala wil 20 sen! via telemetry and stored in ESEE deviation and the smallest percent Community College RockSAT-X Team: O.S.C.A.R. We have learned that the inductive
inevitable, self-sustaining cascade of collisions, which has far-reaching negative impacts onboar caras. error, moving forward with the optimized
on space exploration [1,2]. -
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Sensitivity Setting in Code

The concept of using static electric charge as a mechanism to de-orbit space debris
offers exciting new prospects for Kessler Syndrome solutions. The implications are not

properties of materials do not always perform as expected in low pressure
environments, presenting us with several material challenges that were resolved with
research and creative engineering strategies. Optimally, we would like to encourage
future teams to test a broader variety of charged materials in vacuum conditions in
order to better understand their electron behavior at low pressure, prior to design
finalization.

Static Electric Generator & Charge Plate: A 1.5V motor spins a cylinder wrapped in ' | results.
rabbit fur against the polycarbonate plate, applying a negative charge via friction. This
armature moves toward the plate when charging it and moves away when the debris is ; Photogate Trials and Optimized
launched and the plate allowed to discharge. T Y spespetetvomamigudssy

According to Holger Krag, head of the European Space Agency, Space Debris Office,

only approximately 60 percent of missions follow the International guidelines for the el )

removal of space debris from low-Earth orbit (LEO) within 25 years of mission Sensitivity Settings

completion [1]. Software and Electrical Systems: Figure 8 (above). After determining the best settings to
The primary electrical considerations Average velocity of e\ conduct our velocity trials, we tested the

i i — e luminum debris usi , . .
for the experiment were pin - S ) P servo delay settings against velocity.
availability and power budget. Five | - Tiie 2 calibrated photogate

servos run in sequence with a motor - settings. v After graphing the results, we chose the

while two cameras record and | L g Figure 9 (right). g | delay setting of 15ms, which gave us Ack |

process video. Photo recognition i K Photogate launch I 100% of values well below the CKNOW edgments

software allows us to use a simplified T apparatus using LEDs  [--5-+0 f¥  prescribed limit set by NASA.
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trajectories. The chain activates _ _ . _ —
. Figure 3: Electrical functional block diagram .

through timer events from the , Motive Kalyst

Wallops power lines. Telemetry will : Charged Plate Debris Attraction and

verify activation and send back ‘ = Obtimal Ch Positioni : o Nebjester Cassidy Bliss
rudimentary data. A functional block sttt ’

diagram was created to illustrate the
electrical design and facilitate system
The current debris load will require the removal of more than 100 objects from LEO at a integration. (Figure 3). Space was N G/
minimum rate of five per year to “stop the proliferation of fragments resulting from optimized by incorporating IC AT was attracted to the charged plate

in-orbit collisions and explosions,” says Satomi Kawamoto, of the Japan Aerospace components directly into our custom (Figure 10). Using a digital voltmeter, Ei : , : References
. . igure 10. Debris attraction to plate before (Ieﬂ p|Cture) [1] Pultarova, Tereza. “Meet the Space Custodians: Debris Cleanup Plans Emerge.” Space.com, Future US Inc, 26 Apr. 2017,
Exploratlon Agency (JAXA) [1] PCB. (Flgure 4)- Figure 4. Autodesk Eagle schematics for we tested the VOItage on the plate with

. . and after (right [picture) charging apparatus applied.
orimary PCBs the charging apparatus at different el ) charging app PP

Currently, the U.S. Space Surveillance Network tracks 1,200 intact, operational Wa ) locations to determine the the ideal

Sate”ItGS and 18,000 ObJeCtS Iarger than 4 |nCheS (10 CentimeterS), but eStImateS about ;rh? LalI'InCh?]r:t Irt]) the f|dgur|e abdove’p\(fiur pOS|t|0n|ng We found the pOSItIOI’] [4] Kessler, Donald J., and Burton G..Cour-PaIeTis. “C.ollision Frequency of Artificial Satellites: The Creation of a Debris Belt."' Journal of Geophysical Research, vol. 83, no.
750,000 “flying bullets” (~1 centimeter) and around 150 million fragments (~1 millimeter) esting faunch {ube 1S displayed. er farthest from the charging plate showed ,, A6, 1 June 1978, pp. 2637-2646.,doi:10.1029/20831a06p02637.

[5] Rossi, Alessandro, et al. “ReDSHIFT: A Global Approach to Space Debris Mitigation.” Aerospace, vol. 5, no. 2, 2018, p. 64., doi:10.3390/aerospace5020064.

are Orbltlng earth, Wh|Ch COUId Serlously damage Operatlonal Sate”IteS [3] ) i : wﬂ,:. — Several |terat|0ns Of deSlgn, a Slmple the hlgheSt VOItage readlngs, and ’ 5 . [6] Schaub, Hanspeter, and Zoltan Sternovsky. “Active Space Debris Charging for Contactless Electrostatic Disposal Maneuvers.” Advances in Space Research, vol. 53, no.
] spoke mechanism was found to be the caused the highest attraction for the ¥

: 1, Jan. 2014, pp. 110-118., doi:10.1016/j.asr.2013.10.003.
most  effective  and energetically aluminum debris (Figure 11). :

When integrating the charging plate,
charging apparatus, and debris
samples, we first verified that the debris

Hugh and Michelle Harvey Family Foundation Digikey

Figure 1. Artistic representations of the Kessler Effect.

[2] Popova, Rada, and Volker Schaus. “The Legal Framework for Space Debris Remediation as a Tool for Sustainability in Outer Space.” Aerospace, vol. 5, no. 2, 2018, p.
55., doi:10.3390/aerospace5020055.
[3] ESA. “Space Surveillance and Tracking - SST Segment.” European Space Agency, Http://Www.esa.int, 11 Nov. 2017,

Plate Charge & Charger Position

As participants in a global effort to prevent these consequences, our project mission is to i B inexpensive way to hold the debris in
design, implement and fly a sounding rocket payload that collects the foundational data BT Al | I : ‘ place until testing, and to launch the .
needed to develop passive, cost-effective methodology for de-orbiting small, fragmented debris with a controlled speed by . . : )

space debris, using a platform of electrostatic repulsion adjusting the servo delay (Figure 5).

Figure 5. Mechanical launcher spoke design.
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Figure 11. Measured volts at various positions from
the charged plate to determine optimal distance.
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