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JAXA debris mitigation research activities for satellite and Launch Vehicle upper stages
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Since 2016, JAXA has started debris mitigation research activities for satellite and Launch Vehicle upper stages by
including upper stage mitigation issues. These activities include re-entry analysis model enhancement, data
acquisitions of upper stage re-entry, and debris orbital life shortening methodology studies. And we consider the
debris mitigation strategies to be compatible with launch vehicle competitiveness.

For that we've started studying upper stage recovery system and necessary technologies to make future research
and development plan.

This document is provided by JAXA.
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JAXA debri mitigation research activities for satellite and Launch Vehicle
upper stages.

JAXA
Toshiaki Daibo, Sachiko limori, Ryuzo Shimizu, Keiichiro Fujimoto,
Yasuhiro Saitoh, Masumi Higashide, Hirokazu Adachi, Jun Matsumoto

0 Debris mitigation has been one of the most important topics of JAXA’s satellite and
launch vehicles upper stages. So, we had excuted many kinds of researches on that
issue.

FOUEREEEMELL TESAONTETHY, HRLYEHE -0y IO

OB TEBMDBREIZC DOV TERENGEEIN TS

O In 2016, Debris mitigation activities were recognized as major research topics, and
those kinds of research activities were integrated.

2016FIZIETTVILBERLL T, BRSNARFEAFEIFAD TR EL TERSNT

0 In 2018, this research activities include Launch Vehicle upper stage debris
mitigation issue to contribute prohibit new debris generation by launches.

2018F LYHRRDT7D—2LLTAT Y EERICH T HEEBLESH . §HRDT T
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Japan’s rocket development and debris mitigation

O BARUAXA)F, HRIZERFTT TVEBERFECRYBATEY. JAXAR
EDFEZZITT. ENLIEOEFO T YMRARICIERERASNTE -,
Jaxa has been working on debris mitigation standards and has been applying them

to the rockets’ developments.
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Debris Mitigation Considered in H3 rocket

O H3EYRBFICEWTIE, ISOFDIKRE RIEL F-=JAXAIZEE(JMR-003CI X
R=RTIT)REHIEEE DFFRELOMSERLTLNS,

Debris mitigation standard in JAXA is also applicable to H3 rocket development.

O H3IZHIFHITITURERILEB S IELTLUT4EBZZITTLNS,

O ERETER. ELTOWBREHLT S,
Prevention of on—orbit break—ups after mission completion.

@ FHICHELDOHEAFERATLEOERNERISEONESBHTCOLARINL, ITLITFAED
FIEEEET 5,
Analyse (by COLA analysis) not to make collision to manned space systems beforehand to
decide launch GO/NO GO.

Q) ERRTEROE2ERARE., RAIELTENERVHLPEDRENEFHLO T SEEET

%,
Minimize the interference of the upper stage in LEO and GEO protected area after mission
completion. DR SE R

@ LROIHELEEARMBIENGE (L. 5FLNICERETIES,
If @ is not applicable, natural decay should be planned within 25 years.

N cEnEREs
(& <2000km,, 255 LIA)
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Required Actions for Debris Mitigation in ISO,Japan space
activity law and STD, etc.

l Classification Outline of Requirements Actions taken in JAXA

Operational Debris

B AP

On-orbit breakups
Ly B2z

Collision

Not to release parts that could possibly stay in

earth orbit.

No solid motors’ residue released in GEO.
Also need consideration in LEO.

Not to release combustion product (over
1mm)

No intended break-ups.

Incidental break-up incidence rate should be
no more than 1073

Remove residual stored energy after mission
completion or prevent explosure and break-
ups by designing. (G B HEHEERE . ELE
DRI L ERERE)

Set launch time that prevents collision with
manned space systems for a defined certain
period of time after liftoff.

Designed not to release parts intendedly.

Current study issue

Current study issue

No intended break-ups.

This may affect accomplishment of mission. Thus, handling by designing,
increasing degree of confidence for preventing break-up by defect.

*Designed to discharge residual propellants or not to destruct when it
couldn’t completely discharge.

-Explosure prevention design of VRV(: 5 3F) etc. for propellant tanks
and batteries

*Ensure autogenous ignition margin and inactivate command destruct
soon after orbit injection

Set launch window which does not make collision to manned space
systems

Required Actions for Debris Mitigation in ISO,Japan space activity law and
STD, etc.

- LJ
Classification Outline of Requirements Actions taken in JAXA

After
mission
Egmgletion
EEER

e

GEO mission

HILRIEIT
Ti

Syay

LEO mission
EBLES
vav

Ground
safety
when re-

GTO altitude of apogee to be lower 200km or
more than GEO. Altitude of perigee to be set
to satisfy lifetime within 25 years .
(Conditional success probability >0.9)
(Otherwise set altitude of perigee higher than
LEO protected zone.)

Deorbit from GEO as below after mission
completion. Spot altitude (£ 5 EE) to be
set to satisfy lifetime within 25 years.
*Altitude equivalent to 235km+(1000+Cr*
A/m)

*Eccentricity(#&fi[»#)<0.003

*No interference for 100years

Lifetime within 25 years

(Conditional success probability >0.9)
(Otherwise move altitude higher than LEO
protected zone but not reccomended.)

Not to exceed the desired value of
expectancy of casuality of re-entry object.

Inject satellite between LEO protected zone and GEO protected zone or
natural decay within 25 years by decreasing altitude of perigee

(For future, controlled re-entry when having capability allowance in
review)

Reorbit in between LEO protected zone and GEO protected zone (In
review)

Controlled re-entry or natural decay within 25 years by decreasing altitude
of perigee

When natural decay, it is hard to satisfy the desired value as for other large
sized rockets, but continuously working on reducing expectancy of casuality.
For controlled re-entry, plan the falling area to satisfy the requirement.

This document is provided by JAXA.
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Required Actions for Debris Mitigation in ISO,Japan space

activity law and STD, etc.

- »
e Outline of Requirements q e
Classification for ISO 24113 revision planned in Sep.2019 Actions considering in JAXA

Number of objects allowed to inject in orbit
at successful launch will be as follows:
Single satellite launch : Up to 1

Several satellite launch: Up to 2

EEGIT L THEICTIRAT 2R AL
TICRESN D,
VT LVEETEIT 1EET

Number of objects allowed

Need consideration (because of the configuration of dual satellite launch
fairing, etc.)

(The launch operation configuration in H=2A will be prohibited and needs
changes, like the configuration in SYLDA, ARIANE5.)

Ta7NEEHTEFRAIZ IV T EOREL EENBE, (BFITH-

to inject in orbit (AT yrE2EEHEDH) TADT T IVITTIT DEIBEREEIETAIELRY | Ariane 5 SYLDA
FERAMRKOSIRER CEREETLT: 2@FT DESUHELT B2BENHD)
3[4 (AryrE2B MG+ HERRTFT4)
2EHOFEICHLT
i DS MWD =
) Lower fairin SRAThS 7@ 24 E OREBI=HLT
wer fairi _
separanong BEICEASNh D58
. - \ BiFaE
[H-IAT a7z T7)s [Ariane 5727 LI 7Y) Y
HITT) T R RE] TEHIZTI T S EERRE]
[Now]

After mission completion to end of
disposal’ s success probability =0.9

NERET ~BEERT ORIIHER09)

Success probability of
disposal

BREERHEEDRH R

[Planned revision]
Beginning of mission to end of disposal’ s
success probability =0.9

[5E FRRIA ~ BEZEIR T DRI FESR0.9

Quantitative evaluation needs to be relyed on calculation of degree of
confidence, but since mission time of rocket is short and degree of
confidence after mission completion is high, it is expected to have little
affection.

HEHESEEEM EICELS 2 /ELA. O vy ay
H%ﬁfl?b‘iﬂ( SV av GER) R THRADEEENS L -ORELEEL
TWNRBEL,

Challenges in Debris Mitigation

O B\EFan DR Lifetime reduction
O HIEEEADER Controlled re-entry
O EZTHRRI&/ME Re-entry impact risks’ minimization
O FIEBEAETHTFNDOMEIL To ensure launcher’s competitiveness with Debris
mitigation operation
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0 Debris mitigation vs Launch capability loss & operation time

OO Surplus upper stage capability can be used for debris mitigation.
O Surplus capabiilty will be also used for S/C or other service.

12
Improvements Required for Upper Stage Debris Mitigation
Upper Stage Performance (S/W. Light. propellent, avio, =**)
t Manetize Zone [ Upper stage ]
[ ReUse ] mission
Step up
Debris removal collaboration
[ Orbit/attitude ]
Ctrl
Reentry+ i
Current Zone [ y ] ISO compatible Zone
H2B ————
Ctrl ReEntry HZA'E]J;“:
T EFRENIE S50 )
HURLLTLD Dual 5/C- $SO FTBORHT
[ H2AE E1E 1) ISO compatible
L GTO ) 2) New mission & new business
H2A S/C BV [SDAFTLERLY
~Weeks+
~1h ~6h ~1, 2days mission time
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SSO debris mitigation example

| ——
=== 1T 7 ) = /
debris mitigation v‘;g;"" Re-orbit maneuver [ <7
operation ~=<_ ¢ on orbit i 1
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[0 SSO Re-Orbit Case must consider Gound site. That results in long mission life.

14

Reduction of Orbit Lifetime

O GTOFETIE2BFUTET DR R AFRBDOREIRONTEY . R RAFEM
DLESE T THEFHNKEELD,

O ChozZEBELEERYX—/N\ZRELTULNS,

In GTO missions, the results of lifetime differs a lot , even by a small variation of the

right ascension of the ascening node. So we must consider this phenomena to

operate after mission. N\
. SXAFRODL
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X A FHER vs Lifetime (35500 km X 250 km)
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O Relative position between orbit and sun is
almost static at certain long axis diameter
value.

O At that time perigee altitude will be up in
case axis is bad direction.

GTOSwIav TH#DOO Y EERISER R
SERRICTHLIN, HEIANERFELLS
g%c%ﬁ&tk%wﬁ%m%ﬁfﬁm?
COBRICENEICHLTRBNE DLEIZH D
NCEtMESEN LR - TEOEGHADH
NEEFGICKEEELTILNS
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Outline of Risk Assessment of Natural Decay

O TEFHEDRN

[

Definitive orbit ]
injection

—>

Afyb EER. TERFRG, T4 7472
BB LICERAIMADERLESE
MRATERAT CREE

6 factors that will remain on orbit is decided.

Analyze fragmentate

conditions
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Decision of orbit lifetime ]
and falling orbit
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Debris meltage
] _ analysis evaluation
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¢

Each debris’ meltdown analysis conducted after
destruction and evaluate risk of residue
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Actions Needed for Natural Decay Risk Assessments

0 Changing analysis conditions may make an improvement in the precision of analysis.
O There are few observed and measured samples for what is happening when natural

decay.
BUC REBR i-Ball
BIRE Ruag Aerospace Corporation HI
HARX ®300mm $300mm ®400mm
2 ? 8.6kg 42kg
BAT—5 | MEE.EH. BEN.| BE-NEE-AEE | RE-NEE-AR
BE. B E%ﬂ%%ﬁlﬂ%iﬁ?ﬁ? E-Efg
EREMIBEET | hOH BE LA DT -5k
OO Each country has been A EEL
i i i e LE DI 4B DI 2B D774+
updating their evaluation methods I P
by measuring data when operating | @ FopRERRAEC, | - SRIERR AL, P
Y & P 8 R R Y e S H s sl
) . ) AVAHERT O | S®EHoyERL | oo R
re-entry using on-board sensors,etc. S EOHBEAT | mAsmor bnm | HEDEL
. .. &t
0 Destruction conditions are the

biggest factors that affect the risk. It is required to establish evaluation method that
includes physical events and not just mathmatical evaluation.

Factors that Affect Falling Risks on Ground

O No hazards will occur if the rocket doesn’t fall on the ground. The results of
parametr ic study on conditions of rocket when falling considering destruction is

shown below.
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As in the left graph, a debris increasing its initial temperature up to 200K was analyzed. It

—altitude

—twall

5. 00E+02

0. 00E+00

2. 75403

In condition of the debris additionally fragmentating, it will meltdown thus would have no

risks on the ground.

In future studies, we will conduct analysis and measurements that will specify the details of
destruction behavior since the rocket rearward will be more heated when falling, having

engine on the upper stream.

This document is provided by JAXA.



H8ME [AR—RFFVT—ray | H#EERME 301
Recovery system study for upper stage
To ensure launcher’s competitiveness with Debris mitigation is current topics. One example
upper stage recovery system is currently studied.
BHEEETITIRIED—FIELTEERURVATADKEEGELERL TS,
ﬂY/ = %
Boost stage land on.drone ship and
o
upper stage rerentry and recovery.
/;,\Q \>»‘ shal‘ow Re-entry
&
y 4 Steep Re-entry.
. 4 -
:/ | —
A pinge point
“‘ 600KW/m2~
| I ‘ 800kW/m?2
| /
Recover and Reuse upper stage is expected H /
so that debris mitigation and economical & J \
compettitiveness can be consistent with. = S
e ——
20
Sizing study shows difficulties in recovery system
BmE | e [ 1w | om | 3@ wi -
mo kg | 284729 22,068 1,500 BE | Efg | 1B | 2damR
mf kg 106649] 6308 1,500 mo kg 86,389] 4,808
mEpE | - 0.866| 0850 0.800 g&;)@ kg 432:2 3:;;
AR kg 224000] _16,000] BAF = : :
PC % 79.5%] _ 98.5% :ﬁ?’*ﬁ’gﬁ ":/9 ‘;59?;/0 - i‘;o
HEEAE | kg 178,080| 15,760 0 e~ s —
BRMEE| kg 45,920 240 0 HEHERE| kg 45461 234
WEEE | kg 35661 4,568 0 BRERER] k9 459 6
‘ : HEES kg 35661 4,568
BEN kg 3,000 i o
o . X 9
RO-F | kg 1500.0 xan-F | g
Isp(vac) s 425.0 448.0 Isp(vad) s 4250 2480
# H1(vac) tonf 450.0 16.0 A1 (vac) tonf 450.0 16.0
RG] s 168.2 441.3 B S 42.9 6.6
1 m/s 4092.8|  5501.8 s ms | 3136|2192
HOFEH | m2 247 wOEE | m2 A
o | % 3 1 1 Y 3
#H(sea) | tonf 373.6 16.0 0.0 #A(sea) | tonf 3736
O TPS will be 50% and more of re-entry vehicle weight, Recovery system weight must be considered. That results
in losing launcher’s competitiveness.
TPSEEIRRDEEEER T HEFT EITREAILERT 5,
SR, AD=HIZP>TLD I M in7EL VIKEE
O Launcher will lose 90% of satellite capability, in case current technology and restriction.
REIMEHREL T I T LT AR LB LUTPSEEDE S L ATICH T EFENEEREL TS
(—BERARGELREF)
21
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Debris mitigation to be compatible with launcher’s
competitiveness
O $AE- S5 HIO-RORE B LETV. ETIVLISOLNZEER
Eitzao-REALFIAZER. EELTLK
Debris mitigation and related esearch and development plan in various fields will be
shown on technology roadmap for JAXA’s space transportation.

It will include not only debris mitigation but launcher’s competitiveness.

Rocket mission time (3 1)

KBEOTAILAT LT YT U—BREE ﬂ?\
K height-saving ) EEMEICLBENRR WS ey
FILESSONEE | | REESHEL - 530 IEBRSEEA N — amir
& Heat—prote ction and weight-saving
AR + RS RO BRI D) 0TS 2 — M ey /05 52— SERISIEORER
TrsEEEIL « SRR IO TILOmE%E
& High propulsion capability>»
BRI

1spiE] £ |
NG LR - HEERRITHAE R
descentB DFEEHA

BBt FRESHOES - 1EE [BURFTEDRET | EUREREEOR T
FAAEEANEORGEE - #7E - IR BB - ER0——EE

LERER(LCIDREAOE

Lower stage RLV .
Time
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Summary

O Since this year, We have gained momentum in debris mitigation research by
including launch vehicle upper stage to research activities.

SEEMNMFETIMEHREIZOZTYF LREMASET, FUKRRIELIZEBELT
(A¥S

O Debris orbital life, Controlled re-entry, and re-entry risk mitigation are studied.

T 7' DFLBEF KR, HEERARILERE . BRARRVFHEZEIZDLNT
EA2DHEAZREREL TS,

0 To ensure launcher’s competitiveness with Debris mitigation is current topics.

TIMERIZDOWT, A7 YhDERFE NEDRILAREBELO TV,

O Future R&D roadmap will be issued to consider that debris mitigation actibities and
launcher’s competitiveness. That will include upper stage recovery system and
debris removal collaboration.

By LERBEER - TIUVRELOBRGE AT -RAMNGHEZTHICOVTH

BRETL. READFUFELTEED. MfIEESZILEL T,
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