e e e s = A e

Micro-Satellite Impact Testing

—_— —_—— = mm=e = me— B — == =i m— e —— - P P — e = o r—

T. Hanada®®, T. Nakajima®, J.-C. Liou®, E. Stansbery¢

a Kyushu University, Fukuoka, JAPAN
b |ISAS/JAXA, Sagamihara, Kanagawa, JAPAN
¢ NASA/JSC, Houston, TX, USA




Background and Motivation
L J

« A key element of modeling the current and future orbital debris
environment is the ability to predict the outcome of a typical
satellite fragmentation.

« The motivation to conduct new satellite impact tests is

— to characterize the outcome of future on-orbit fragmentations of
satellites with more modern materials, and

— to cover potential low-velocity collisions in the geosynchronous
Earth orbit region.

+ The new micro-satellite impact tests aimed

— to compare low-velocity and hypervelocity impacts on identical
target satellites (completed in 2005),

— to investigate the effects of impact directions on fragmentation
(completed in 2007), and

— to investigate multi-layer insulation (MLI) and solar panel pieces
(completed last month).
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I Target Satellites }

« Targets used in 2005 were 15 cm by 15 cm by 15 cmin
size and 740 grams in mass (upper).

» Targets used in 2007 were 20 cm by 20 cm by 20 cm in
size and 1,300 grams in mass (middle).

. Targfets used in 2008, covered with Multi-Layer Insulation
{MLgand aqug:ped with a solar panel, were also 20 cm
by 20 cm by 2
(bottom).

« Main structure was composed of five layers (top and
bottom and three inner layers) and four side panels,
assembled by aluminum alloy angle bars and metal
spacers.

+ The top and bottom layers and side panels were Carbon
Fiber Reinforced Plastics (CFRP) while the inner layers
were Glass Fiber Reinforced Plastics (GFRP).

» Each satellite was equipped with fully functional
electronic devices.

cm in size but 1,500 grams in mass
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Impact Scenarios
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Impact :

Shot M,[gl M,Igl s Eﬁ,fg‘lu' D':‘:f;‘;:t[t":t“ Video

layers]

HVI 740 403 444 837 . ....homal  NA
B e i ol R T T YEE
41300 392 166 415 nomal  NA
2 1283 302 166 420 parallel Yes
e ETE e S e

F s 393 174 300  nomal Yes

R 1516 392 178 410 normal  Yes

M Target Mass, M, = Projectile Mass
= Impact Uelnclt}f. = Impact Energy (= M, x V,,,,* / 2)
‘:}D Hypervelocity Impaut LVI = Low-velocity Impact
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Impact Fragmentation (1) |
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« Shot 3 (=) produced flame,
but Shot 2 (<) did not.

« Fragments blew out of the
side panels in Shot 3 (=), but
not in Shot 2 (&).

« The projectile and fragments
created by the impact had to
hit the inner layers to create
more and more fragments in
Shot 3 (=).

+ There were no inner layers for
the projectile to hit in Shot 2
(<),
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Impact Fragmentation (2)
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* The projectile hit first the solar
panel in Shot F (<), whereas
the projectile hit first the MLI-
covered CFRP layer in Shot R
(=)

« Shot F (<) produced flame
right after the impact, but Shot
R (=) did not.

» Shot F (<) generated more
fragments than Shot R (=) did.
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Fragment Sets From Tests in 2005

Target mass Bidfnner of Collection rate
al fragments [%]
g collected ,
HVI (left) 740 1,500 | 899
LV1 (right) 740 1,500 94.8
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Fragment Sets From Tests in 2007

A
Target mass [g] :':;1;::1:: Cullei;ian]n e
collected
1 (left) 1,300 1,300 96.(‘: “““
...... 2{mnter)12831000933 .
3 (right) 1,285 1,500 87.9
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Fragment Sets From Tests in the Last Month

Tha cullectmn nf fragments is currently in prngress

e = - T EgT re— Cwe—mwme T W = =

Target mass Humher of Collection rate
(gl fragments (%]
cnllected
F (left) 1925 TS VN
_R_{right} - 1515 _ —
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Summary (1)

%

* This paper reported seven micro-satellite impact tests,
completed through collaboration between Kyushu
University and NASA Orbital Debris Program Office.

« The micro-satellite impact tests aimed

— to compare low-velocity and hypervelocity impacts on identical
target satellites (completed in 2005),

— to investigate the effects of impact directions on fragmentation
(completed in 2007), and

— to investigate multi-layer insulation (MLI) and solar panel pieces
(completed last month).

+ The kinetic energy at impact in all tests placed the
outcome as catastrophic according to the NASA
prediction.

2008.9.16 HzhT=E%E



Summary (2)

+ All target satellites were completely fragmented,
consistent with the NASA prediction.

» Fragments collected from the tests in 2005 and 2007
were analyzed based on the method adopted in the
NASA standard breakup model.

» The collection of fragments from the last month's tests is
currently in progress. Once the collection is complete,
fragments will be analyzed based on the method adopted
in the NASA standard breakup model.

* The results will be utilized to improve our understandin
of the outcome of low-velocity and hypervelocity impacts,
and to improve breakup models for better orbital debris
environment modeling.
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