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Debris mitigation research of rocket and satellite, as JAXA's research
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Debris mitigation of rockets and satellites is essential operation for the future space activity.

In addition, when the spacecraft accomplish the controlled atmospheric reentry, the ground risk for public
may be increase.

On the other hand, the debris mitigation function effect the additional cost and the loss of capability, which
leads the loss of commercial competitiveness.

Therefore, JAXA started the integral research for debris mitigation method with maintaining the
competitiveness.

1. Add the debris mitigation function, 2. Maintaining the competitiveness, 3. Appropriate ground safety risk

assesment, are major topics.

This document is provided by JAXA.



142 FHIML 22T TEBR TR R JAXA-SP-16-011

HA

Debris mitigation research of rocket and
satellite, as JAXA's research

2016/19/0October

Yasuhiro SAITO, Ryuzo Shimizu
Research and Development Directorate

7t Debris workshop

Outline ’54’*‘4

1. Debris problem and main requirements

2. World trend to mitigate rocket debris

3. H-IIA/B and Epsilon status

4. JAXA's satellites status

5. Japan’s research activity for next rocket and spacecraft

6. Summary

7th Debris workshop

This document is provided by JAXA.



BT [AR=AFTYT—ray 7| HHEEE 143

1. Debris problem and main requirements W
B A lot of debris are exist B 10times debris in 100years, if
® Under 2,000km altitude continue this space operation
m GSO altitude (36,000km) B Almost no increase, if prevent
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1SS (~350 tons) not included

1. Debris problem and main requirements ’54%4

B 2002 : IADC Space Debris Mitigation Guidelines | oAx) 2004: JMR-003.003A |
Space Debris Mitigation Standard

B 2007 : UNCOPUQS Space Debris Mitigation Guidelines

B 2010 : ISO Space debris mitigation requirements G F01L: MR 0038
= De-orbit from protected orbit 2014: JMR-003C
A) Geostationary orbit region (h=200km, Latitude=15deg)
B) Low earth orbit region (h<2000km, in 25years) é\g fgggtlfﬂOfi:LvtSdrgirlesgégg)

= Ground safety (Best effort) s
« Fragmentation Risk (Ec) < 1/10,000 '

Z =2000km (LEO)

Space Debris Mitigation Standard (JMR-003) applies to
all space systems developed by JAXA.
As a rule, all satellites developed by JAXA comply the

‘n efio 1I
B I‘. egfon
5° i egia
above requirements. 1 ;
\ /
'\ %

"~.._ | B) Low earth orbit region
(h<2000km, in 25years) 4
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2. World trend to mitigate rocket debris [U.S] %’*’4
B Requirement

m U.S. Government Orbital Debris Mitigation Standard Practices, compliant ISO
(DDe-orbit in 25 years and Ec<10/-4 or
(@Transfer to Disposal orbit, or @Direct Recovery

B Current operation l—
B EELV (AtlasV/DeltalV) B Falcon9 18missions@2015 &
> 100% T . [Compliance] 1
S | 80% L ] e 3 controlled re-entry M I
© Not enoug . : L
_8 60% launch capability * 1 Disposal orbit 1
o i} [Not compliance] =
8| 40% - #
c ¢ 9 natural re-entry completed |
E,_ 20% — T 31/85missions # 5 in protected orbit ¥
8 0%
2002 2004 2006 2008 2010 2012 2014 2016
B Future
= Toward almost 100% compliance. (till 2020 at Sep/2012 AIAA paper) 5
7% Debris workshop
Ref : Atlas V GTO mission controlled re-entry ’%ﬂ (A
(C) NASA (UN/COPOUS/STSC2013 presentatlon)
g
s .
2
:
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2. World trend to mitigate rocket debris [Europe]

B Requirement

M The French Space Operation Act, compliant ISO
(@ Controlled re-entry (CRT) from low earth protected region
If impossible, De-orbit in 25 years and not interfere in one hundred years

@ GSO protected region: De-orbit in one year and not interfere in one hundred
years

@ Re-entry risk : Ec<2 x 10”-5 at controlled re-entry.

é
If impossible, to do the best effort for satisfying Ec<10/-4 with natural ?
decay ¥

B Current operation

B Ariane5 : 5 CRT / 84 success. Basically No action except ATV mission
®m Vega : 3 CRT and 3 De-orbit in 25years life time / 6 orbital flight

B Future

B Ariane6 (2020 debut) plan to do controlled re-entry almost all mission, ‘r
with upper stage new engine Vinci, which prepare re-ignition function. |

7% Debris workshop ol 7

3. H-IIA/B and Epsilon status

60m
1 |
| 4
20m il ; [
il
i ' |
i - W - - ®
CUAXA
Name H-TIA H-1IB Epsilon
Length 53m 57m 24m
Propellant Liquid (LOX/LH2) Liquid (LOX/LH2) Solid
Success/Launch 28/29 5/5 1/1
Success rate 97% 100% 100%
e
o 1 GTO(): 8ton LEO: 1.200kg
LEsiioh b il HTV orbit: 16.5t SSO: 450kg (500km)
SSO(*): 39ton (202) orbtsiB.oten g A—

(*)GTO: A V=1,800m/s, SSO: 800km

7th Debris workshop
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3. H-ITIA/B and Epsilon status
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i

B H-IIB/HTV take controlled re-entry, but other H-IIA/B and Epsilon don't do any de-orbit for
debris mitigation.

& Under developing de-orbit function, which compliant to 25 years rule, for near future

Rocket Mission Life time Ground risk
(in 25yeas?) (9]
H-IIA GTO 250x36000km, 28.5deg x Big casualty area In 25 years will be
(AV=1840m/s) | * 100years~ realized in a few
SSO 500~800km x Big casualty area years, if extra
A Depend on altitude 2 ty launch capability
GTO 2700x36000km, 20deg Long coast
(AV=1500m/s) = O Not inside protected region technique and 60%
throttling thrust
H-1IB HTV ZCgOX3°0km:51-65deg O Controlled re-entry
Epsilon Extended 200 x 30700km, 31deg @)
Elliptical orbit O
SSO O O
(h<600km)
LEO-SSO X O Two debris (3rd
(h>600km) stage and PBS)
7t Debris workshop 9

Ref : H-IIB HTV mission controlled re-entry

W ol

De-orblt burn (Plan B)

Predicted impact

-
- e

area (Plan B)

7t Debris workshop 10
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4. JAXA'’ satellites status W

B IAXARREZ
AR—RTITUREHIEZEEFZBEALTEY ., AL THARXEIL—ILEEST,
Space Debris Mitigation Standard (JMR-003) applies to all space systems developed
by JAXA. As a rule, all satellites developed by JAXA comply the requirements.

HIRE BB EDTA—E vk De-orbit of Earth observation satellites
ERRTHRIOEHESEZTIT. 25FURNICERE T 8EICEE#T HEE. T
A—EYMINEBELHEEFEE TS5, (TEEEHZE TIEGCOM-CH &S, )

L

d - " — .|
GCOM-W GCOM-C ALOS-2 GOSAT-2
(H 700 x700km) (H 800 x 800km) (H 628 x628km) (H 613 x613km)
= Lower the perigee altitude (orbital lifetime < 25 years)

KB HEDETRIRE
BRARISEMLEVWEFYICLSEE TR (EO X1 X 10+ RiBZEHE
BREYTRELGEEZLHOTVIDEERMADTFIVEEEHDHEERZV Y,
= BEDBMEZRLIELOICETZIDBRIESIRLN,
IAXATIETIVEE RS T DEEMERELIL VE2013FXYRES,

7th Debris workshop
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5. Japan’s research activity for next rocket and spacecraﬂﬁ%ﬂI

1
60m 1
50m E
40m E
1
30m . Cost performance
20m E
1
I . . g
o ' High reliability
:
CI;Z:Eﬁihcy 3ton~4.8ton| 16.5ton i ~6.5ton | FleXible Service
AV1500m/s | (HTV orbit) AV1500m/s !
(GTO) ! |
Operation 2001~ 2009~ ! 2020~ :
Launch | 55 /99 5/5 | - :
Results I :

[

7t Debris workshop 12
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5. Japan’s research activity for next rocket and spacecrali|!£~4’;6‘:l

® H3 Debris mitigation policy (Tentative, under discussion)
1. Avoid the interfere to protected region, with one of the following method
(@ Controlled re-entry
2 De-orbit to not protected region
Earth escape trajectory
Outside of GEO protected region (h>35,986km)
LEO~GEO orbit (2000km<h<35586km)

A) Geostationary orbit region

2. If there is not enough launch capability to do No.1, | (h#200km, Latitude=15eeg)

7 =2000km (LEO)

Natural re-entry in 25 years

B Equivalent debris mitigation
operation, to Europe and U.S. future
competitor

® Epsilon Debris mitigation research
B Minimizing the debris
= Cost and capability Impact evaluation to do CRT ™"~ ol

7t Debris workshop
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5. Japan’s research activity for next rocket and spacecralilf%’;{":l

B Trade-off status for H3 debris mitigation

SSO Controlled re-entry No de-orbit. No de-orbit
(h=500km) (Natural re-entry in 25

years)
SSO Decrease the perigee
(600km<h) altitude and natural re-

entry in 25 years
GTO No interference to protected region. Same
(AV=1500m/s) | (between LEO and GEO)
GTO A. De-orbit to between LEO Decrease the perigee No de-orbit
(AV=1840m/s) and GEO altitude and natural re-

B. Controlled re-entry entry in 25 years
HTV-X Controlled re-entry Same
14
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5. Japan’s research activity for next rocket and spacecral‘lﬁ%ﬁ‘\!"‘:I

B Design for demise

B Change material from Ti to CFRP, from Fe to Al
m Will check the effect to ground risk, launch capability and cost.

H-IIA Random reentry Orsat-] results

01 Ambient Temp. He Pressure Vessel 0
02 Cryogenic Temp. He Pressure Vessel *
09 Heat exchanger inside LOX tank
15 Gas thruster

FILE=r LB 923K

16 Feedline Pipes
19 Pneumatic Solenoid (4way)

Surface Temperature[K]

23 Engine Core
24 Nozzle

20 Pneumatic Solenoid (3way) BN

FEFETHORTRE L2840
DI T HOBERMICTETRRE
HEL EHORELEIOVTEEE

WERECSBIMEREEETAME
ETMLELTROFAOTHS.

0 20000
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5. Japan’s research activity for next rocket and spacecral‘éd?'wI

® Re-entry data acquisition system and CFD simulation

B Purpose : Validate the analyses necessary to assess the re-entry risk.
B Measure the temperatures of upper stage components and pressure,

and data transmit after drop to sea
On board target H-IIB F6 2016

*  Much more Cost effective
¢ Easier to handle
* Flexible for modification

Spring Case

Parachute

Flotation Bag x
Batteries

Ablation Heat Protector

Inner/Outer
Temp. Sensor

>

Antenna PS & Iridium
IMU/INS
PC(Win & Linux)
Iridium Mode T
Main Block

"

\\\Wire-lessl ‘Wired
\

chute case
of G

Heat Protection
Shield(Ablator) S
7T Debris workshopNeemal sensg

Parachute
Release System
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5. Japan’s research activity for next rocket and spacecral‘lﬁ%’_“f"‘:I

E Composite overwrapped propellant tank (Design for demise)

= Purpose : Improve the demisability of LEO satellites. Replace the
titanium tank of LEO satellite that is one of the most hazardous
component at the time of natural re-entry.

® The basic demise evaluation was conducted by ORSAT-] and arc wind
tunnel tests with specimen. JAXA will conduct more detail analysis.

820

| Parameters Requirements
— MEOP 2.76MPa
Proof Pressure 3.45MPa
Burst Pressure 4.14MPa
Temperature Range 5~60°C
2 Total Volume 0.43m3

Propellant Hydrazine (N,H,)

Other Fluid He, H,0, IPA, N,
: ‘]L'"Nf ‘ Mass <23.3kg
" — A On Orbit Life >15years

/

Aluminum liner PMD
with CFRp  (Vane and cram shell)

7t Debris workshop 17

6. Summary ’%’*A

B What is main requirement for rocket debris ) Geostationay orbt region
mitigation ?
A) De-orbit from protected orbit
B) Ground safety

||||||

E A" will be world standard and the missionto \ /
compliant to “B" will be increased, from ™. | B) Low carth orbit region
(h<2000km, in 25years)

Europe and U.S. trend.

Japan’s vehicle H-IIA/B and Epsilon take some debris mitigation and
H3 will avoid the interfere to protected region, which will be world
standard.

Design for demise and Re-entry data acquisition system are also
researched, to do more debris mitigation.

7t Debris workshop
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