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15:30 - 17:30 |Micro/Nano Satellite & Debris Issues (Session 3) Chair: Toshiya Hanada

Masahiko

NSS-03-0301|IDEA: In-situ Debris Environmental Awareness

Uetsuhara

Kyushu University

-03-0309
NSS-03-0302 Comparison to Massive Satellites

How Small Satellites Can Be Hazardous in

Yuya Ariyoshi

Kyushu University

NSS-03-0303 System for a 3-Unit CubeSat

Development of a Mechanical De-orbiting

Ceyhun Tola

Istanbul Technical
University

Development Status of Micro-satellite De-orbit

NSS-03-0304|Mechanisms for Active Prevention and 'I:OShll’lOl‘l Tohoku University
. . Kuwahara v
Reduction of Space Debris
Installation of an Active Debris Sensor on a Kyvushu Institute of
. S ]
NSS-03-0305|Small Satellite for In-Situ Space Dust Pauline Faure ¢

Measurement

Technology

NSS-03-0306 EOS

Orbital Decay Accelerator: A Case of QSAT- Shunsuke

Onishi

Kyushu University

17:30 - 17:45 [1st Day Closing

Kyushu Institute of Technology

Computational Mechanics Lab.

TEXIZH1 5BmEHEERDBEREFFREL] 2011.12.12-13QHFAFRER FHR > 5—

Rk 2 3FEAMICDONT

iz :
X =] :
NEANFTE :
Bt 245 :
B 145 ;
REmAE :
& i
199-99y7 ;

1%
1%
1%
6 %

7 B(1AIRBEE)

5%

12 (B3

14

Kyushu Institute of Technology

Computational Mechanics Lab.




TEXICHI1 5 EREMEERDBEREFFRL] 2011.12.12-13QHFAEBREHFH R > 5—

H23F FEEF LS ZFREBEDH >

43X b [
No.| g || EE mig s
(mm) | (km/s)

HRAY | 25 |01-03|PzybIPy | AKXKDL
—EA> | 30 | 0.01 |BBEFERE |EXHD
ZERAYV | 5 | 2-5 (TP VAKE |B%

14 >5 |f&ZE[E 5

4 |ZBAY FEXhi
x 30 | 1-2 |1 EEEZ2HE =
5 |77ANY 10 | XI5EMKRE F¥H
6 |L-Ihy 0.2-0.3|PxybI Py | RAFEHF
Kyushu Institute of Technology Computational Mechanics Lab.

TEXIZH1 5BmEHEERDBEREFFREL] 2011.12.12-13QHFAFRER FHR > 5—

NI EXZDFEDIEN
ZBAEH G —EBRNEHRH .

)

5,14, 30

60 20 -
~4 ~5 ~0.3
DA —hy hE L—¥hy h& ?%ggﬁﬁf
5 s e B O GRIR L
A T Ay -2 3 BT RRAERS
DR TEDRF

Kyushu Institute of Technology Computational Mechanics Lab.




TEXICHI1 5 EREMEERDBEREFFRL] 2011.12.12-13QHFAEBREHFH R > 5—

FH23FE HHET—V

(1) BEEEREEMZRALI/NRE DIk~ OEEE G EDRE
(M2:Z R, M1:fhit, Guimier, B4/K B)
(2) FEEBREMHEI OIS IBRHICETSIHR
(FR:Faure, M2:¥34, M1:1& 1L, B4:FZ)
(38) BINEAIMERATIVERHAV VMU YRR
(FR:Faure)
(4) BHFMEDT-HDTS5ZXTH S
(M2:8&3H . M1:AR L, B4:FR#)
(6) Pzybx UL OBEEIZETAHHTR M1dL)Il, B4LE)
(6) CFRPIRMRIRILF—FHEAL—ILHL DS (M2EE, MI:LLITE)
(7) BBIERTEERIEHMIZET IR MR, B&KIER)

Kyushu Institute of Technology Computational Mechanics Lab.

TEXIZH1 5BmEHEERDBEREFFREL] 2011.12.12-13QHFAFRER FHR > 5—

FREBD TSI >

Plasma gun

Kyushu Institute of Technology Computational Mechanics Lab.




TEXICHI1 5 EREMEERDBEREFFRL] 2011.12.12-13QHFAEBREHFH R > 5—

NITAXKDI>TY/N> 7

Bg;:;lgl:ﬁ;; Capacitance Storing lzl/ll::ll:::g': Peak time
voltage [KV] [mF] energy [kJ1 1 cyrrent [KA] [usec]
16 750 96 500 30

Kyushu Institute of Technology Computational Mechanics Lab.

TEXIZH1 5BmEHEERDBEREFFREL] 2011.12.12-13QHFAFRER FHR > 5—

< SEEHNEE>
OyvFFa—7
Hf—T5>y

YIRDEESS (1 RL—ILEEER)

F vV IN—

2.0[m] ' 0.85[ml

6.0[m]

EZ300mmxR & 700mm
aunch Tube ME25mmxKR Z2000mm
Test Chamber EZ600mmx

Kyushu Institute of Technology Computational Mechanics Lab.




TEXICHT S EREMEERDBEREFFRL] 2011.12.12-13QHFAFBREHFH R > 5—

Sabot Projectile

Sabot

Projectile

F24.9mmxKR ZX38mm

&
EE13mmx&K & 14mm

Kyushu Institute of Technology Computational Mechanics Lab.




TEXICH1EEEEMEERDRTRLFFERE] 2011.12.12-13@HFFAFBEFHFEHE > 54—

= —k e
AR E L ||

BEOKRTIEIEEREN XS THRE
(280kg) 2m

65 ¥REEFE D Push-barz i L HH 9
A A

_Push-barb"(“l(7 F%ENNET S
‘ |

\
1.8m L HEAEELDOME fais

Kyushu Institute of Technology Computational Mechanics Lab.




TEXICHI1 5 EREMEERDBEREFFRL] 2011.12.12-13QHFAEBREHFH R > 5—

(1) XE_—BRIXLEBEHIGE

(Bore:5mm, 14mm, 30mm)

Kyushu Institute of Technology Computational Mechanics Lab.

TEXIZH1 5BmEHEERDBEREFFREL] 2011.12.12-13QHFAFRER FHR > 5—

NHK DB

20084F8H28—29H INYANTHEDTEEHIEEER
(8 A28 B4t Ayl iiE
2 A26 ANHK1 9D =1 — A %)

20094F5H7-9H HAIRE¥O
(6B13H.8AH28HKE)

Kyushu Institute of Technology Computational Mechanics Lab.




TEXICH1EEEEMEERDRTRLFFERE] 2011.12.12-13@HFFAFBEFHFEHE > 54—

20084852 8HE¥
Tare L IR Y

Kyushu Institute of Technology Computational Mechanics Lab.

TEXIZH1 5BmEHEERDBEREFFREL] 2011.12.12-13QHFAFRER FHR > 5—

2009%F2HF2 6 HBZE

——

Kyushu Institute of Technology Computational Mechanics Lab.




TEXICH1EEEEMEERDRTRLFFERE] 2011.12.12-13@HFFAFBEFHFEHE > 54—

T. Hanada et al. / Proceedings of the 11th Hypervelocity Impact Symposium (2011)

Microsatellite impact fragmentation

1.* -1 1 . 2
T.Hanada ", J. Murakami', Y. Tsuruda ', J.-C. Liou
! Kyushu University, 744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan
? NASA/JSC, Mail Code KX, 2101 NASA Parkway, Houston, TX 77058, USA

Received 15 December 2009: received in revised form 16 March 2010; accepted 20 September 2010
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Table 1. Microsatellite impact parameters

Shot  Mi(g) My(g) Vi (km/s) Eimp/M; (J/g) Impact Direction Nag
HVI 740 4.03 4.44 53.7 Normal 1500
LVI 740 39.2 1.45 55.7 Normal 1500
| 1300 39.2 1.66 41.5 Normal 1300
2 1283 39.2 1.66 42.0 Parallel 1000
3 1285 39.2 1.72 45.1 Normal 1500
F 1515 39.2 1.74 40.7 Normal 2400
R 1525 39.3 1.78 39.3 Normal 1250
HVI 1/3 “ F ]
1.66 km/s
4.44 km/s 1.72 km/s 1.74 km/s
L «0
4g 399 39¢g
LvI 2 R (
1.45km/s | 1.66 km/s 1.78 km/s
€0
39g 39g 39¢g
o @ Projectiles ] Antenna — CFRP ... GFRP —— MLI E Solar Panel

Fig. 1. Microsatellite impact parameters.
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NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

B -

2 Near Earth Object Program
I e e o I T

ORBIT DIAGRAMS | ORBIT ELEMENTS CLOSE APPROACHES MPACTRISK | IMAGES | RELATEDLNKS |

Back to main Impact Risk Page.

99942 Apophis (2004 MN4)
Earth Impact Risk Summary
Torino Scale (maximum) | 0 Vimpact | 12.59 knvs
Palermo Scale (maximum) | -3.08 Vinfinity | 5.87 km's
Palermo Scale (cumulative) | -2.97 H|19.7
Impact Probability (cumulative) | 7.4-06 Diameter | 0.270 km
Number of Potential Impacts 6 Mass | 2.7e+10 kg

Analysis based on 2 radar delay, 5 Doppler, and
633 optical observations spanning 1395.6 days
(2004-Mar-15.10789 to 2008-]Jan-09.665088)

Energy [ 5.1e+02 MT

all above are mean values
weighted by impact probability

Orbit diagram and elements available here.

These results were computed on Oct 07, 2009

99942 Apophis (2004 MN4)
Earth Impact Table
Sigma | Sigma | Stretch | Impact | Impact |Palermo|Torino

Date |Distance| Width | impact | LoV Lov. ty| Energy | Scale |Scale
rorr246-00.00 | (Fearth) | (TEarth) (Tearth) (MT)
2036-04-13.57| 0.53 | 0.00e#00 | 0.000 | -3.276 | 1.036403 | 4.36-06 | 5.06e+02 | -3.08 | 0
2056-04-15.57| 0.6 | 0.00e#00 | 0.000 | 0.304 | 5.556+06 | 1.06-07 | 5.06e+02 | -4.97 | 0
2065-04-13.57| _0.02 | 0.00e#00 | 0.000 | 0.535 | 5.116405 | 25006 | 5.06s+02 | -3.70 | 0
2065-04-13.57|  0.00 | 0.00e300 | 0.000 | 1.039 | 4.096+06 | 1.16-07 | 5.06e+02 | -5.04 | 0
2076-04-15.57| _0.10 | 0.00e%00 | 0.000 | 0.350 | 5.956+06 | 2.20-07 | 5.06e+02 | -4.7% | 0
2105-04-15.57| 0,61 | 0.000%00 | 0.000 | ©0.54 | 4.25006 | 1.oe-07 | S.06ew02 | 5,17 | o | http://neo.jpl.nasa.govirisk/a99942.html

Kyushu Institute of Technology

Computational Mechanics Lab.
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James D. Walker, Erick J. Sagebiel, Sidney Chocron, Walter F. Huebner, “Seismology and Blast/Impact Loading on Asteroids™,
International Workshop on Small Body Exploration by Physical Interactions, October 19-20, 2009
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KRR 1 (GAR)

Experiment results

Alloy and | Surface [T ~WP | Velocity | Diameter [mm] Ejecta
temper |treatment| [mm] [kmlsec] Spall | mass [mg]

Chemical 4.03 416 8.33 88.5
polishing

m C11OOP K 50 3.92 3.71 9.09 80.4
Buffing 3.71 3.69 8.52 70.2

m C1100P-O 100 4.14 4.27 9.90 84.9

C“OOP Y1 Nothing 417 | 447 | 1093 | 832

o]

RAGEE 2.0mg
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Space Dust Impacts Detector Horyu Il (1/2)

Once upon a time...
o A rectangular debris detector of 270mmx190mmand...
o ... acubic satellite with a side length of 280mm.

Rectangular debris sensor
could be mounted.

BUT, what about the other

L re board of

omida, KIT. 200 mmoOSsPAR, 2010

o Origi . / ers agreed and fully participated

to the project or course!
Couftesy of K. Tomida, KIT.

GOt K.

*
o3 Q%
Kv’(»f;.uu Institute of Technology Computational Mechanics Rab.
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Space Dust Impacts Detector Horyu Il (2/2)

Cubic small satellite with a side length of 28cm.
Weight: 6.7 kg.

Sun-synchronous orbit for 1 year.

9 missions:
high voltage solar array (300V gener:§
transparent coating;

film for mitigation against arcing;
cell degradation;
electron-emitting film;
TREK;

electro-static analyzer;
camera;
Q-shu det

Courtesy of K. Tomida, KIT.
@
—a
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d
K Vo Institute of Technology Computational Mechanics Rab.
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Space Dust Impact Detector
Overview

o Square board with a side length of 90mm.
o Weight: 30g.

o Power consumption: 0.01W.

o Low cost: 20,000\ = 180€ = 250%.

How does it work?

o "wiﬁice
RI Side the sahdify face
E Bhtronic comrarReRed to sp
- PIC microcc RIRERMS it.

multiplexers] 28 parallel cop

e . %
Kv’(»f,mqu Institute of Technology Computational Mechanics Rab.

Spacé Dust Impaéts Detector
" Working Pripciple ~

ABy default hnesaire n.ot broken:
“Hogic™

When.a line.is-broken: logic O
sent to OBC. '

Data size: 1 byte.

32



TEXICH1EEEEMEERDRTRLFFERE] 2011.12.12-13@HFFAFBEFHFEHE > 54—

Space Dust Impact Detector

Programming
o Check of even and odd lines.
Results example as seen on a
computer screen
MUX1
even line > First Loop Even  Odd
broken? No | Results Example - Notej | B
File Edit Format View Help
pebris operation start: data acquisition (0mp1e(e/_ 11 l|1. 01 .
i 32 Mux1 MLT!(-Z Mux3mx4'
odd line No Second Loop | .
broken?

Same Loops for MUX2, 3
and 4 than MUX1’s Loops

4

QDS turned OFF by OBC

, 0 Possible to estimate the size of impacting space dust.

N ; <
Kv’(»f,mqu Institute of Technology Computational Mechanics Rab.
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Tests and Results Hypervelocity Impact (1/7)

What is hypervelocity?
Velocity greater than the sound velocity in a given material.

Two-stage light gas gun

Target
holders Stripper plate Velocity measurement Pump tube
/ Launch tube
[Ad "4 l
-~
. o . > =
E : |
| ! Blast tank i B
! Taroet ' ! Ignitionyroom
| aree | Sabot separation \ ) !
| — K ———— High pressure '
1 section 1
H coupling !
1 1
* L=12m >
?
—d _ -
K «sizmiu Institute of Technology Computational Mechanics Rab.
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Tests and Results Hypervelocity Impact (2/7)

Why elemental materials were used?

o Comparison of ejecta amount for 3 different materials:
e solar array coupon;
e CFRP/Aluminium honeycomb;
e aluminium honeycomb.
o Evaluation of the target weight before and after
experiment.
o Experimental conditions:
e Projectile: 1mm Al sphere;
e Velocity: = 5km/s.

<

d
K f.mlu Institute of Technology

Computational Mechani«.rs Dab.

TEXIZH1 5BmEHEERDBEREFFREL] 2011.12.12-13QHFAFRER FHR > 5—

Tests and Results Hypervelocity Impact (3/7)

Results
Target Material
Solar Array CFRP/AI Al
Coupon Honeycomb | Honeycomb
Projectile Velocity [km/s] 5.37 4.79 4.97
Projectile Mass [mg] 1.5 1.5 1.6
Ejecta Mass [mg] 68.8 10.3 411
Ratio Ejecta Mass/Projectile 45.9 6.9 25.7
Mass

—

<

Widely used aerospace materials that produce a non
negligible amount of ejecta.

Expensive materials.

Do not fulfill project purposes

Glass/epoxy laminate PCB

»d
K;»frwvvu Institute of Technology

Computational Mechani@s Rab.
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o
K"«f;mlu Institute of Technology

Tests and Results Hypervelocity impact (4/7)

Can the copper lines be cut by a space dust?

Launch of 2 projectiles types:

\

Yes, copper lines can be broken by space dust!

Computational Mechanics iab.
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Tests and Results Hypervelocity impact (5/7)

Steel particles perforated the PCB.
Alumina particles penetrated the PCB.

. .« . K1 : Calibration factor
Targ et thlckness hmlt dp : Projectile diameter [cm]
op : Projectile density [g/cm?]
Trw“m = K] di pz p:(U; (Cosap) ot : Target density [g/cm®]
vp : Projectile velocity [km/s]
ap : Projectile impact angle [deg]

A, B, k,v, & :Calibration exponents

K1min = 0.26 K1imax = 0.64
Ttlim (Al203) = 280um Ttlim (Al203) = 689um
Ttim (SUS304) = 689um Ttlim (SUS304) = 1697 um

Computational Mechanics iab.
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Tests and Results Hypervelocity Impact (6/7)

Ejecta results

Printed Circuit Board
(Al20s3 projectile)

Projectile Mass [mg] 0.1439
Ejecta Mass [mg] 0.4309
Ratio Ejecta Mass/Projectile
2,99
Mass

Much lower ejecta to projectile mass ratio.
PCB: cheap and easy to produce.

Do fulfill project purposes.

N g
K P Institute of Technology Computational Mechanics Rab.
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Tests and Results Hypervelocity impact (7/7)

What is the probability that a space dust impacts
the detector?

o Impact flux calculation using MASTER-2005
q: impact flux [impacts number/m? /year]
n n: impact number
q=—" A: area [m?]
At t: time [year]

o Collision probability
1-PNP=p "=

—qAt

_ 2.8% chance space dust of about
PNP=0972 200 m impacts the detector

N :
K;»frwvvu Institute of Technology Computational Mechanics Rab.
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