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CubeSat Collision Risk: Myths & Realities
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CubeSat Collision Risk: Myth vs Reality (cont.)
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CubeSat Collision Risk: Myth vs Reality (cont.)
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Reality: CubeSats inhabit LEO with its legacy of debris

Yoar of | Altitude of | Cataloged | Debris in

=—==——=——0Orbital Debris

Tade 1_Top 10 Bveot Source: NASA

red | s4 | acoens exposen Quarterly News

Your of Altitude of

. Assessed Cause
In Orbit* Total
Breakup Breabup

of Breakup

Copyright Analytical Graphics; All rights reserved.



Reality: Shortening orbit lifetime is a key ODM tenet

* Post-mission orbit lifetime < 25 yr, preferably

RSO Perigee Altitude Distribution versus Apogee Altitude (LEO)
(8 km bins, 1957-2011, LEO Only, Inc: 0O° - 110°, All RCS values)

NOTE: For this LEO- METEOR

filtered case, only
RSOs with orbits
entirely between 200
and 1000 km are
accumulated.
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Oltrogge and Kelso, “Getting
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Catalog, AAS 11-413



Myth: “Low Earth Orbit (LEO) populatmn is known”

- Public Catalog s 13,144 Leo-aossmg (0 to zooo 0 kan) RSOs out of 15 106Total  Asg

Today’s . -
pubhc‘

catalog

....
-

Based on MASTER 2009 . - I

today’s current public i Y

catalog only contains 6.6% - it

of LEO-crossing objects > 2
cm
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Myth: “Small debris isn’t a threat”

Prclel

Space Debris — Why be Concerned ? g=esa

1 cm Al-sphere mid-size car of explosion of a
at 10 kimm/s 1.5 tonnes at 50 km/h hand grenade

1 gramimpactorat 2 km/s= 1 gram TNT (at 16 km/s % 64 grams TNT)
1 mm objects (= 170,000,000) » can damage satellite sub-systems

1 cm objects (= 740,000) = likely to disable satellites; limit of ISS
shielding capabilities for its manned modules

10 cm objects (= 29,000) = likely to cause catastrophic satellite break-
ups; limit of operational tracking capabilities of surveillance networks
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Is “Kessler Syndrome” real ? Answer: TBD.

« May already be seeing secondary i
collisions...
— Iridium/Cosmos collision (10 Feb 2009) N
— In 2014 alone, there were 2 more \

Iridium fragmentation events

Mystery Still Surrounds
Indium Debris Incidents
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Reality: “One collision event can lead to others”

* Strong possibility; Iridium-47 &
-91 collisions occurred in high
spatial density post-Iridium-33

€€ k Spatial Lensity of All Objects Larger Than 1 cm
Darsed on £5SA MASTER 2009 Debens Populats y Moded)
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Depicting Spatial Density in 1D, 2D and 3D

)st-collision debris A )
mewhat visible in .
) portrayal;

amatic congestion
2D & even more in
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Assessing collision risk

Risk = Probabilitygyens X Consequencegyent

* Debris mitigation: want to "z
avoid high Pc events that ruin = =
space gt

* Generally well-advised to
avoid high-probability, high-
consequence events in life
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Reality: High Pc over 10 yrs for large constellations!

Operator Orbit Versus public catalog Versus estimated objects > 2
cm
#S/C Alt Incl S/C | Expected Expected Expected Expected
(km) (deg) size | collisions if warnings < 3 km collisions warnings < 3
(m) ] unmitigated if km
unmitigated
LeoSat | 140 1400 90 2 | .008 46,670 600,000
Spire 100 651 97.9 0.3] 0.00001 2,780 .0001 35,710
oneweb | 648 1200 87 2 [N 764,640 9,831,090
SpaceX 4000 1100 90 2 1,797,780 23,114,290
Skybox 28 576 97.8 1.5]| .0001 610 .0012 7,780
Globalsta| 40 1400 52 9.7 .0261 9,670 124,290
r
Ir]d]unznlrfgﬂie;ﬁsouﬁ?ﬁ@m v???AsTrcoB{.peCIIltsetrégr?flyi/];ll co 335’ 880 4’ 31 8’460
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Reality: Large debris in select orbits of greatest concern
A. D’Uva coined the phrase :
“BBs” (<2 cm) vs “Bullets” (2 - 10 cm) vs “Bombs” (> 10 cm)

Pc X Conse uence
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Myth: “Laws prevent collisions and debris

. b}
°Cﬁﬁ1§;lgn)uter Space Treaty (1967) requires authorization and continuing ove

of non-traditional services (

—  “States Parties to the Treaty shall bear international responsibilitg for national activities in outer spgs
and ather celestial bodies, whether such activities are carried on by governmental agencies or
and for assuring that national activities are carried out in conformity with the provisSionszs
activities of non-governmental entities in outer space, including the Moon and othg
authorization and continuing supervision by the g)prognate State Party to the
space, including the Moon and other celestial bodies, by an internationg
reaty shall be borne both by the international organization and 4
organization.”

— In principle, launching country liable - .
— Some State Parties gain commeg

arties mandate adherence to ISO, CCSDS and ECSS standards
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15 - — =
Copyright Analytical Graphics; All rights reserved.


http://www.state.gov/t/isn/5181.htm
http://www.state.gov/t/isn/5181.htm
http://www.state.gov/t/isn/5181.htm
http://www.thespacereview.com/article/2851/1
http://www.thespacereview.com/article/2851/1

Reality: USG & private sector can help prevent collisions

JSpOC SSA Data Sharing Agreement (free service) b ——— i’!
« Viable commercial services exist to refine tracking & SoF & , :
— Space Data Association (data sharing for SoF & RFI — @ 5 ses*
mitigation) voc G ATE. Embratel
— Small satellite-leaning membership fee structure o3b
— AGI’s Commercial Space Operations Center (ComSpOC) is e orscemM [ #

EUMETSAT

the first commercial multi-phenomenology SSA service; | DigitalGlobe
merges state-of-art processing w/data fusion, good sensors )

* Identical CubeSats pose huge track mis-association &
cross-tag issues for non-cooperative radar and optical
tracking sensors

FusTon ng o;ggrcz:\QQr] r l%%sné& &dc%tt?ca]:ll'lgt])(s)n best-addresses these
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Reality: CubeSats could become more regulated

« Drones originally had very little regulation
— “Bad actors” (UK Airbus incident) leading to drone constraints

« Cellphones originally not heavily regulated

— Violation of common-sense norms led to safety regulations
» No texting or even holding phone while driving in many states
» No transmissions during critical aircraft phases-of-flight
« Proliferation of CubeSats, sprites, etc. exposing space
operations gaps & shortcomings across space industry

— May lead to new “flight rules”

— 11 launching states could ban or constrain “bad” CubeSat
launch
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Don t stlr Momma Bear (State Party) to act
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«  Dan Oltrogge (oltrogqe@am com) e

. For more information: ey .
http: //www .centerforspace. c t / G T

Thank you and (tlme permitting) questlons
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