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DebriSat Fragment Analysis Calendar

Post-test DebriSat activity is concentrated on developing strategies and
technigues to extract and categorize fragments through the current planned
mission period.

« The panel X-ray task shown in the table below should be completed by the end
of FY16 (09/30/16).

« Fragment extraction and characterization will continue will continue throughout
the duration of the project.

« DebrisLV activities are of lower priority, and may begin in FY17.

FY 15 FY16 FY17

: Q2 :.Q3:.0Q04|Q1:02:03:04 | Q1 ; : Q4 1 Q1 :Q02:.0Q03: Q4

X-ray: DebriSat

Extraction: DebriSat

Characterization: DebriSat

X-ray: DebrisLV <—|—|-r ; ;

Extraction: DebrisLV 4—>
Characterization: DebrisLV "_'—'_’l
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Near-term Fragment Extraction Strategy

Pre-test foam panel placement is
displayed in this DebriSat before impact
photo

® - Low-density polyurethane foam panels ,
each < 2” thick were installed inside
target chamber one on top of the other
(the most dense panel on the bottom)

 Panel colors indicate position in the
chamber only

« Wide panels were placed horizontally and
vertically

 Narrow panels were placed at 45deg to
allow nearly full coverage of the interior
of the chamber

« A 30deg debris cone spread was expected by the operators to the end of the
chamber

« The next slide offers a cartoon push-out view of the panel placement with a
progress report of panel preparation
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Ready for Extraction / Completed X-ray

O
—
~~
4
~~
@\
Y
@
)
©
LL
D)
-
©
al
(@)
=
7))
0p)
QO
&)
2
al
[
-
©
al
S
®©
@
LL
LL
D)

National Aeronautics and Space Administration

M
ik
aduesqumoq =
S
S|
[=]
=)
8871 2¢ g-817-2¢ 88IT-2T 8127 8-8T1407 88T 2T 8-815 22 I
carvar | | eseor | csmoz | | esieae L8T3 81597 | 287507
sarrar | | oz | eswor | | seear 987437 981537 | 987537
sarar | | sezor | semoz | | serenz | sezeoz SBT3 s81597 | 587507
FEIT- yBIT-T 8Tt FETEDT yETE-OT y-8TF-IT T r8ITT
E8ZT-T £BIZ-22 £8IT-2T EBTE-DT 82802 £-8T¥22 £-8TF2T £-815 22 £-8I5T
| coo: TRIEDT re1r0z | zezror o157 | 282502
18123 | 1ezaT a0z | 18Trt rotsx | rezsoe
08I 0-81Z-2T or87Z-27 O8TE-2T Or8T0Z | 08712 or81522 087527
B-L0THE B-L0Z-HT B-L0E-HT B-L0FHE B-L05HT
9 I glefunswen gl gan 9|z
GEEEEEEELE AR SEREE R EaHE S §REREEN
g ) | clef@e e e e o s
1-£0T-HT L L0THE 1-{0E-HT 1-L04HE
§G71-HZ gozzuz | | soteuz goIruz | 5-0zv-uz 891542
LO9ET-MT L£9TTNT L£9TENT L9TVHT L-915-MT LOT5NT
397147 sazzuz | | sereuz 99754z a915-4z | 99754z
SOZT-HT S9ZT-HT SOTEHT S5Tr-4Z SrOTS-HZ S9Z9HT
FSIT-HT 9T FOTEHT ¥-9T 4T 915 HT 9T SHT
garruz | | eorzuz | eozzuz | | eoreuz £9Iruz | £9Truz eo1suz | eozsuz
o1 EOIT-NT TOTENT I-9Tr4Z T9Tr-NT T-915-4Z TOT9NT
TAITHT TOTEHT T-9TrHT T9T-HT T-91S-HT T9TSHT
oot | | ooz | oozzuz | | oorewz | oozeuz | | oowvuz | oozruz oS uz | oozsu
B-50T-HT B-S0Z-HT B-50E-4T B-S0P-4Z B-505-HT
wle megumwrale domgnenalo oo ola o o om
814 mmmmmmmmmmmmmmm%%%% % [
ol i G R Rk R a0
== [ e EE M cCfee £ € £ € £ & € £ &£ & [ £ o @
ol P L I e T T T T Y T S YT L] o e ol
1-50T-4E 15S0THE 1-S0E-HT 1-S0-HE 1-S05HT
N (a1 7 | SVIEST | 842647 | | 84TraT | Bvzvat 1541
]
EIT4T E-PTE4T IVTE-4T L¥T-4T LYTY-4T L1547 Y7547
SITHT SPIEAT IIE S¥Iv-4T SrIs4T SrIs-4T
SHTTAT SHTT-4T sviedr | svzedz | | svmeaz | SverT iz | svis-a
AT Th2E-4T pTE-4T I P-4Tp-4 ——
EFIIAT £¥IT-4T | szt o | | oMb | svsa
THTTAT T4z a7 | Tvevear 41547 | TvisaT
T4T-47 | T-¥Zp-4T #1542 T-v7S-427
0¥IT-47 (Vg rd & I'd oviz-4T OrvZT-4T OrvPTE4T OvZE-42 OvTr-47 O-vZv-4T [V S0 I OrvIs-4T
80112 A-E0E1Z B-E012 B-E0512
goagngunenale s amngwensle 7
R EEEE R PR 2
el Rl R i
o o el el L s T S S s s s s e [
LE0T 12 160612 160 LE051E
g ST g Faa b 8T 8TIET 8T I 8IT1T |yl S
PReAR: Lz e | czzee Lo | cwee LTS
9IITT L rd F e 9IIT W 9-ITEWT oI I S ITHT 97757
ST71z szizar | swrw sTien | szzew st | swve STTST
v-z2112 vz | vaee vTie | rzee vz | vazee rIIST | rrzsaz
hord S I b ra b ETIT W ETTEW foyrdra S I EITHT ETIS W EITST
(2322 e | ez e | vz rzisw | zasaz
121212 121 TZIE TR 212 -ZZr1Z 21512 122912
ozt [igra Faa 0-ITT T O-ITET OrZTEE oz 1z [a gk 0TI orTTsT
1011 10212 410612 F10r1Z 810512
eHamTywnale ngueEale sgmgyenale e
Pl e R A o [ SRR i e ] o
5555885885 SEEEREEERERERERER
P R U 44 44 P R L U U LTI}
L B Y I I I T BT BT ) L ) LT I I I I I T T T I
| 110712 1T0E1T 110612 | 110V LT05 12
— o ™ <t Lo
O O o O o
— — bl — -

Orbital Debris Program Office

t chamber

in impac

igure

inf

f DebriSat
Row 3 is chosen as the first chamber row, “ring” to be analyzed

ideways
ion o

the pre-test posit

Panel layers O (loose bagged material if any) and 1 (least dense on top) to 8 (densest panel on bottom)

Panels are stacked s

IS

o




National Aeronautics and Space Administration

Fragment Characterization and Database

The DebriSat project group took care to build a spacecraft with components that mimic
modern spacecratft.

Plan is to extract > 2 mm fragments from foam panels/loose pieces/dust
Plan is to recover at least 90% of the total DebriSat mass from the fragments
Debris collected so far ~112K, Debris recorded so far >107K

The current estimate for the >2mm DebriSat fragments to be collected is more than
200,000
» Assign each individual fragment a unique identification number

> A label of 2-D or 3-D is given to each fragment based on the means of analysis of fragment dimensions
that will be performed

» Fragment physical parameters filling out the database include material/color, shape

» Fragment derived parameters include characteristic length, volume, average cross sectional area, mass,
bulk density

The small fragment population so far favors tens of thousands of CFRP
(Carbon Fiber Reinforced Polymer) fragments created from the splintering
DebriSat spacecraft skin and interior inserts. These fragments favor the 2-D
imaging techniques
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Sample 2-D and 3-D Small Fragments

« Fragments labeled
1,2, and 3 are
CFRP splinters.
These will be
defined as 2-D
objects.

* Wire fragments 4, 5
and the wire bundle
(8) will likely treated
as 3-D.

* The nugget (6) and
charred bent plate
(7) are 3-D.

* The next slide
displays the 2-D and
3-D apparatuses
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2-D vs 3-D

2-D Imaging 3-D Reconstruction
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UF Database

> Investigating whether “needle-like fragment” dimensions (i.e., thickness is assumed to be negligible) can
be approximated with simple 2-D assumption

— Further research is required to determine what the average thickness of the CFRP
fragments are, to provide a range of expected thicknesses
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UF Database (ID, Locations, Measurements)
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HVI Considerations

— Fragments in the UF Database are categorized by specific subjective criteria, for
example, material, shape, size, color, location in panels) for the purpose of estimating
lethality of these fragments in on-orbit collisions

* In many cases their respective origins can not be determined with certainty.
« CFRP highlight in the end. Invisible to radar....

Shape

flat plate

bent plate

straight/needle/rod/cylinder

bent/needle/rod/cylinder

parallelepiped/nugget/spheroi
d

flexible /MLI

Color

silver

red
black
gold

light blue

royal blue

magenta

clear

burnt/charred

Material

aluminum

stainless Steel

glass

printed circuit board

copper

MLI/kapton

carbon fiber

plastic

multi-material
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HVI Considerations
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Debris Detection Software and Fragment
Extraction

CAD model of
Debrisat without
MLI Test Plan
2014-03-13
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