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Cassini : Oct 15, 1997 — Sep 15, 2017
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Mission Timeline

1997

The orbiter, the largest
interplanetary spacecraft
ever constructed by NASA,
launches on October 15

(EDT) from Cape Canav
eral Air Force Station in
Florida, with the European
Space Agency’s Huygens
probe aboard.

2004

®

1997 - 2004
]

Arrival and orbit insertion
on June 30 (PDT). Cassini
passes between the F
and G rings and allows
itself to be captured as a
satellite of Saturn.

Seven-year cruise to Saturn
on a gravity-assist trajectory:
two swingbys of Venus, one
of Earth and one of Jupiter to
give the spacecraft the boost
needed to reach Saturn.

2005

Released on Decem
ber 24, 2004, the Huy
gens probe descends
through Titan's atmo
sphere, lands on Titan
and relays data to Earth

Cassini's four-year prime
mission orbital tour
consists of 45 Titan

encounters, 10 icy
satellite encounters and
76 orbits of Saturn.

2010 - 2017

2008 - 201!‘.1

Equinox Mission: two-
year mission extension,
64 orbits, 28 Titan en
counters, 8 Enceladus
encounters, 3 with other
smaller icy satellites;
equinox crossing in
August 2009.

Solstice Mission: seven-
year mission extension
consisting of 155 orbits,
54 Titan encounters,

11 Enceladus encoun
ters, 5 other icy moon
encounters; opportunity
to observe spring—early
summer in northern
hemisphere.

2017

Grand Finale: at the
spacecraft’s final orbit,
it falls into Saturn's
atmosphere, ending its
extraordinary 20-year
mission of discovery.

®

https://saturn.jpl.nasa.gov/legacy/files/Cassini_Grand_Finale_Fact Sheet 508.pdf
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3x10° m s

1.5x10% m~2 st

5x106 m3

8x10-17 Joule (~ 500 ev)

4x10-2° Joule (~ 0.25

ev)

4x1019 Joule m=3

ﬁgI‘!, sf?r.&

1.2x10* W m-

®1 Joule = 107 erg
®1 ev =1.6x101° Joule

® — (4T (R £:8000:52=8x10" m)JtF-HIRE & Fy
E=hf=6.62x10"%?" erg s x 3x101° cm/s / 8x10-° cm
= 2.48x1012 erg = 2.48x101% Joule

h — & B¢ i (Plank’s Constant)  f— 3% (sec?)
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TE P kg - L E 8 2R (Space Debris)

n Allen radiation belt
)0 km
(most exposed area to radiation)

—

Major obstruction area
containing space debris

GEO
36,000 km

e

<100 km

/ Low Orbit
/ 300 km - 2,000 km
/ Medium Orbit
2,000 km - 36,000 km
High Orbit
> 36,000 km

e

S meo
S5 20000km
L

LEO
500 km /1,000 km

LEO congestion

8,100 fragmented cebns obects

1,600 spent satelites

400 operationa’ satelites

Distributon of space dzbeis in aifferent orturs: 800 rocket pans
o 12000 cataloged inLEQ 1,000 other mission-elated debris objects
* 1,000 cataloged in GEO

Debris Key Figures

The 16,000 man-made objects consist of:
« 62% fagmentation debxis
16% spentsatelites

+ 6% operavonal satellites « 100 cataloged in semi-syrchronous orbils GEO congestion
« 8% rocket parts . han 2200 chiects between 10 cm 480 spent satellites
+ 8% other mission-related dedas and 1 muncataloged in GEO 370 cperaneny’ sarelhes

» Hundreds of uncataloged objects between LEO
and GEQ

190 rocket parts
Estimated 60 mission-related debris objecrs
Severdl fragmented dabais objects

Clossary

Cataloged ebjects: Space debeis larger than 10¢m
across that have been identified and gven a unique
internanonal .denmibicavon rumber,

Deorbiting maneuver: Operation to retun LEQ satelites
to Earth, of ta rade GEO satedlines 10 2 higher "graveyaed”
orbit,

Geestationary Earth Orbit (CEO): A circular
gecsynchronous orbit at an altitude of about 36,000 km
above Earti's equater. A satellze in such an erbit has the
SIME Inguar velccity a5 Earth, moves in the seme
directen and, thus, appears motonkess.

Geostatonary Transfer Orbit (GTO) A highly ellprical
orbil 21 an altitude between 200 km and 36,000 ;s
called because satellites arc placed there belore bring
transferred te CEOs.

Low-Earth Orbit (LEO): Circular orbres at altitudes
between 300 km and 2,000 om. A sateline in such an
orhit will circke Farth several times each day.

Medium Earth Orbit (MEQ): Regica of space ar
Earth aborve LEO and bekow GEQ, sometimes
Inteemediate Cercular Orbre (ICO).

Solar flare: Caused by the sun and cbserved as 3 sudden
redease of coronal mass (plasma) and intense radistion,
On Eanth, solar lares cause geomagnedic stoems, solar
23NN $20IMS NG dSUPLon 10 rad:0 COMMUNICALONS,

Space debris: Man-made obgects arbag £anth that o
longar have duselud purpose,

https://www.allianz.com/en/press/news/business/insurance/news_2012-07-11.html



Space Debris) g + 7 ¥ & (Space Junk)

-1 Apr 2012 SSN catalog
=1 Jan 2007 SSN catalog

1.E-08

Spatial Density (no/km?)

0.E+00
200 300 400 S00 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Altitude (km)

STS088-724-67

The spatial density distribution of the cataloged objects on 1 Apell 2012 (red histogram). The population below 1000 km altitude is more than doubled since the
beginning of 2007 (blue histogram). Fragments generated from the anti-satelite test (st 850 km altitude) conducted by China in 2007 and the collision between
Indium 33 and Cosmos 2251 (at 790 km altitude) in 2009 were responsible for the majonty of the increase.

Comon Nams Year of Altitude of Cataloged Debris in Cause of Breakup n N
Breaku Breakup Debris* Orbit* J e EE"\ 2 P > A 2=
. N AT A 4 o g FA Z A
Fengyun-1C 2007 850 km 2841 2756 Intentional Collision . P e .
BEEEAEE > AL A
Cosmos 2251 2009 790 km 1267 1215 Accidental Collision < = ®
. A5 ) > A3 ENES
STEP 2 Rocket Body 1996 625 km 713 63 Accidental Explosion i+ ;}’3::? E\: % % 0 f_}_ = 3‘; v Jg\ 5 }:’
Iridium 33 2009 790 km 521 498 Accidental Collision 45— 2 L > e
B FEE R AR AR E
Cosmos 2421 2008 410 km 509 18 Unknown 11 , o
21 L e F Jf" %& B~ & L S %
N N Y 2 o N Y
SPOT 1 Rocket Body 1986 805 km 492 33 Accidental Explosion e AT 4R TI R A
OV 2-1/LCS 2 Rocket Body 1965 740 km 473 36 Accidental Explosion || ) g [ l * ; L 5{: fE 4 iv%
Z . = 7 —_
Nimbus 4 Rocket Body 1970 1075 km 374 248 Accidental Explosion 2 S J— YR T, . )
FHE TR R R 0 B ISIEN
TES Rocket Body 2001 670 km 370 116 Accidental Explosion -
S D J"h 2 ‘\‘ 2N »
CBERS 1 Rocket Body 2000 740 km 343 189 Accidental Explosion 7?3 é-’l {:‘ 51 /B3 €
otal: 7903 Total: 5172
* As of May 2010

http://space.io9.com/surprisingly-pretty-space-junk-1572559005
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