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A spacecraft could be a space debris and its source while it stays on orbit after the mission. Moreover, a natural
reentry of a spacecraft to the ground could be a potential risk to the people and assets because certain amount
of the fragments may survive and reach to the ground. A controlled reentry would be quite preferable way to
minimize both risks besides it gives less incentive to the mission provider because of no or less profit
attempting to do so. Therefore, a regulation is one of the practical solution to promote controlled reentry. The
conventional safety methodology and consideration for controlled reentry are introduced and some issues are
addressed toward the future institutionalization.
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“If a spacecraft or orbital stage is to be disposed
of by re-entry into the atmosphere, debris that
survives to reach the surface of the Earth should
not pose an undue risk to people or property.”

- Section 5.3.2, IADC Space Debris Mitigation Guidelines -

This document is provided by JAXA.
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Typical evaluatic
- Spacecraft model
:> Survivability j‘>
! analysis |

- Atmosphere model
- Reentry condition
- Breakup altitude

Casualty area (Ac)

L

- Variances
Natural Evaluate ~ Calculation of the
amra risk to people or | expected number
reentry(decay) propert of casualty (Ec)

ﬁ

Population density
- World average

- Per latitude with
falling probability

| Controlled reentry

Taken into account for
- Mission scenario / baseline

Regulations and |_l\ - Design /IJ Procedures for
requirements V| - Operational plan N notification
- Procedures )
Regulations and re ;543\’;4
related to control i

) N

/United States

-U.S. Government Orbital Debris Mitigation

Standard Practices, December 2000.

-United States Space Command Policy

R%gatéleatgosr;ao; dJaAré(/?or I Aoplied Directive 10-39, “Satellite Disposal

B Procedures”, 1 May 2001.

\ VO BIEREAG | -United States Space Command Policy

A Directive 13-4, Minimization and Mitigation

of Space Debris”, 1 February 2001.

Regulation of NASA

- NASA Procedural Requirements for
Limiting Orbital Debris [NPR8715.6]

- Process for Limiting Orbital Debris

[NASA-STD-8719.14]
- Range Flight Safety Program [NPR8715.5]

p < Regulation of USAF
Regulation of the other countries. - (the United States Air Force’s) Space and
e.q

. Applied to Missile System Center (SMC) Orbital/Sub-
\-Flight safety code (Australia Hayabusa )

( JAPAN

Regulation of GOJ
- Standard for safety evaluation on
launching satellites.

/Europe

-European Code of Conduct for Space
Debris Mitigation, 28/06/2004

Regulation of ESA

-Space Debris Mitigation Policy for Agency
Projects [ESA/ADMIN/IPOL(2014)2]

-Space Debris Mitigation for Agency Projects

| Annex1 [ESA/ADMIN/IPOL(2008)2]

orbital Debris Mitigation User’s Handbook,
Version 1.0, July 2002.

Requirements for controlled reentry

are enrolled or tied with space

debris mitigation requirements.

Regulation of FAA
- Reentry of a reentry vehicle other than a
reusable launch vehicle, CFR Title14,

\_ Vol.4 chapter Ill Part 435 (2008.5), U.S.A. A
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Typical event flo ;542\54
controlled ree e e
Nominal deorbit burn
/6)33 of bﬂcapability

Shorter burn | Natural reentry |
Entry to the atmosphere:

H&S check and

Go for deorbit c$§

Footprint moves to downrange

~
~ ~
~ ~
~
N ~
~
~
N
N
~
N
N
N

Planned
reentry area

Expected footprin{

. l : ; [ Risk assessment ]
[ Reentry plan / Dispersion analysis ] ~ Debris survivability analysis

- Designation of the reentry area - Expected number of
- Evaluation of the debris dispersion casualties 4

Evaluation of the %{\fﬂw

Expected footprint

« Dispersion analysis is implemented to evaluate the design of the footprint.

« Survivability of the actual flight hardware may or may not be considered for
dispersion analysis. It basically depends on program or mission owner.

* The following example is a kind of “worst case” evaluation. That includes the

following assumption, errors and uncertainties into account.

v' Sample fragments are assumed to envelope logically maximum ballistic
coefficient regardless actual survivability of the system.

v' Error of the initial condition such as velocity and trajectory of the vehicle at
the reentry interface point.

v" Dispersion of the atmospheric concentration.

v" Dispersion of each sample fragment is calculated by Monte-carlo simulation.

-5
L"" 1
-® g
N— ohe o‘K . .
Dispersion of a fragment 1] DISP(?FSIOU ofa fr.ag_ment
with low ballistic BdHBO0) £ with high ballistic
coefficient (Minimum) = #2| coefficient (Maximum)
* @ “ = L] o 5 =
Longitude (deg) 5
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Evaluation of the 7%2\,‘,4,

o - _J_\__[ { — — lLarge - {
e | — Nominal _ !
s ~ — Small l
® | | \ \
S e | }
3 \=| | | |
Q  weo +
3 - |
» i ‘
Longitude (deg) Longitude (deg)
Altitude profile for a fragment with Altitude profile for a fragment with
low ballistic coefficient high ballistic coefficient

The effect of the atmospheric concentration

It is also evaluated that,

* the effect by the wind can be considered negligible to this result.

+ the acceleration by the typical explosion could only create a negligible effect
comparing to the other factors. 6

Procedures for no ;%XA
upon controlled i
Convention on International Civil Aviation.

ICAO - Annex15
- Aeronautical Information Services

Aeronautical Information Publication Notice to Airmen (NOTAM)
(AIP)

Plan of the controlled reentry
(Definition of the restricted area, effective date and time.)

) v
AIP publication in NIL ,
every 28days (per notification | |
AIRAC procedure) .

At least seven days advance notice

At least 24 hours advance notice
N

Execution of the controlled reentry

This document is provided by JAXA.
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Procedures for noti 7%*‘4
upon controlled re Lo

ey
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( Navigational Warnings

NAVAREA warnings

-Warnings that are
provided via satellite,
inmalsat is used for
NAVAREA XI, by the
responsible government
on each NAVAREA.

DNACTR Wndsmcicnal vomsosal NAVTEX warnings

MO14-3749 -Warnings that are

NOKTM PACK'LS, WESTLIN PART. provided via Medium
mg'u::‘o:ouu ‘::0706‘:2 ocr, - Frequency from eaCh

ACTERNATE 05212 TO 094ZZ DALY NAVTEX station on the

T coast. 518kHz is

A 20-5IN 137-46F 30-70M 1312-506 Commonly used in the

S0-090¢ 1535- 535 29-42 153-45 WOI'ld .

8 I9-05-00N 137-26-00€ ) )

20-08-00 337+29-038 Local navigational

29-40-24N 140-00-00€

warnings
- Additional warnings are
locally given by a related
government officials.

397227180 149-00- 118
S fom 140-07 e
Al
Crsor
Location Map, Notice to Mariners and Navigational Warnmgs

http://www1.kaiho.mlit.go.jp/TUHO/vpage/visualpage_en.html Notices to Mariners

- Information via publication and
internet for updating the latest status
on any events affecting a ship route.
Updated in weekly basis. 8

Expected number of c2 %ﬂw

» Ec is the value to express the casualty risk associated with reentry.
* It is widely utilized for both natural and controlled reentry.
» Because nominal controlled reentry is arranged not to create casualty, Ec basically express

Lat.: N3S-56-31.0

residual risk induced by an off-nominal event.
- ‘i(Loss of burn capability
Shorter burn | Natural reentry |
Entry to the atmosphere:
/100~ 120km
D S Residual
R S Risk

~

Human body
envelope (Ah)

~
~

1 Footprint moves to downrange |

; P, : Probability that debris fall
down on the location i.

N
N
N
.
N
N
"
¢£E —~

Debris envelope (As)

Ac = T1(rs + rh)?

[for circular fragment] Expected footprin N Number of residents on
G the location i [persons]
Ec= 0 A;: Area of the location i [m?]
Ec =Ac x X (P;N/A, ) [persons] (Nominal) 9
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Expected number of

(

| End of on-orbit mission

[

I

I Execution of No

: ontrolled reent

| Yes

: Successful

| Reentry ?

| Yes

I

| Ec=0 Ec is moderate I Ec is highest in

[ Because of the — general

| restricted area Calculation includes

| provability of failure System reliability at
I during deorbit event. EOL primaliry drives
| Ec value.
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» The following population data are applied to the calculation of Ec, as an example in JAXA .
v" Global average --- The case fragments fall down on the sea.
v" National average --- The case fragments fall down on the land.
v City average --- The case fragments fall down on the congested city.

v" Average on each latitude --- Natural (Uncontrolled) reentry.

Benefits vs. Disa
of the controllec

10

Wm vo

» Controlled reentry is quite preferable deorbit method for
both orbiter debris mitigation and public safety.

v" Unnecessary object such as a satellite at EOL is

immediately removed from orbit.

v Public risk induced by fallen space object is minimized.
> Besides, spacecraft owners are not motivated to plan

controlled reentry because of,
v" No profit.

v Risk of mishap due to unsuccessful reentry.

v" Additional works to do.

v Potential early retirement of a satellite to support reentry.

11
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Suggestions fc WM

» Controlled reentry is the best option for deorbiting
satellite at EOL, if feasible. However a satellite owner
would not be motivated to take this option because of
disadvantages rather than their profit.

» Regulation may be a practical solution to promote
controlled reentry however there must be fair rules and
guidelines as a common scale.

» Itis also necessary to simplify and standardize risk
evaluation techniques and related analysis to support fire
judge, while scientists continue searching for real
phenomena.
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