Space debris

Jussi Markkanen

EISCAT RADAR SCHOOL, 1 Aug 2007



, S -’ R YA .:::._ . E.)ec-_1997



GOOGLE

Nuclear Waste
25x106

Space Debris
2 x106

Ozone Hole
1.7x106

“Just 60 years ago there was nothing
but pristine, inky space —-—-

and now it’s messier than a freshman’s dorm room.”



with widespread public interest
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¥ This amount of space
debris. The sceenery has
» been completely
spoiled |

I'm more worried
about that clump
ahead us |

Looks like Swiss cheese
to me.
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Altitude distribution of catalogued objects
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Spatial Density (km™*)

Space debris stuff
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(~200°000 pieces larger than 1 cm)

Mass of debris
5-10° kg

ESA MAS TER 2001 Model
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Number of catalogued fragmentation objects
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Solid rocket motor => dust and slag
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Mission related objects
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Spatial density is not high

(~2007000 p1eces larger than 1 cnn)
=1 Ccm
~3 x 108 pieces larger than 1 mm
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SO .... What’s the problem ?






Collisions do occur

Shuttle window Shuttle payload door radiator

4 mm

aue: it flake

Cause: Grain of fiber glass, 1.2 mm, 2 mg, Mach 12.

Mean time between
impacts on a sphere
with 10 m2 cross section

Height of cirowlar orbil Objects 0.1-1.0 cm Objects 1-J0 cm hjects =10 om
500 km 10-100 years 3,500-7,000 years 150,000 yvears
1,000 km 3-30 years T00-1.400 years 20,000 years
1,500 km 7-70 years 1,000-2,000 years 30,000 years UN. 1999




Debris and the space shuttle

RCC areas vulnerable to the OD particle* that
perforated STS-115 radiator RH4.
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Critical
Orbital Debris @

(7km/s & 0°)

4.89mm

2.75mm

1.68mm

1.10-4.84mm

(Test 6)  0.81lmm

(Test 11) 0.69mm’

(Test 5) 0.58mm’
(Test 4) 0.

* OD particle properties:
type = glass (or ceramic) fiber composite
diameter = 1.0 — 1.2mm

assumed impact angle = 45°

) assumed impact velocity = 4km/sec

NASA ODQN

July 2007



Measuring space debris
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Transmission
sample signal

Detection &
Decimation
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SD receiver board
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Sensitivity is “diffraction limited”
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UHF 5.9 cm
VHF 26.6 cm
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Use amplitude domain signal processing

Assume point target with a, = const.
Get signal parameters by
statistical inversion
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Fit to beam passage => event parameters
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IPY SD data summaries publicly available

http://www.sgo.fi/~jussi/spade/ipy/index.html
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MOST PROBLEMS GO
AWAY IF YOU WAIT
LONG ENOUGH, ASOK.

S.Adams



Getting rid of ?
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MOST PROBLEMS GO

AWAY IF YOU WAIT
LONG ENOUGH, ASOK.
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MOST PROBLEMS GO
AWAY IF YOU WAIT
LONG ENOUGH, ASOK.

How long is long enough ?

Predicted decay of

the FY 1C debris cloud
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Source: CelesTrak/CSSI (http://celestrak.com/events/FY1C-Lifetime.pdf)



Average No. Objects
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Source: H Klinkrad, Space Debris,
Models and Risk Analysis, p181.



