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Agenda

- Law of gravitation and of motion

«  Geometry and dynamics of circular orbits
 Elliptical orbits

« Geosynchronous orbits

« Launching a sattelite — Hohmann transfer

* Re-clocking

» Non-spherical mass distribution

- Deep space tracking and further complications
*  Orbit adjustments

- DIY space travel with Orbiter
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Newtons laws of motion

F:moc_z:m-d—v
dt
— GMm .
— — > A
r
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Differential equations (2D) V'it% v
| e
d oM F /x0.y®
_ ) =— f
dt () (1) *) y
d GM
-V ()=~ y(?)

dt r(t)

d
Ex(t)—vx(t)

d
EY(t)—Vy(f)

(1) = (x(0),y(1))

(1) =\ x2(0) + y2 (1)
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Solution: Ellipse

Can be donein E
v, =V, ,ta,- At
X, =X, +tVv, At

elc.

Thrane & Thrane

E4 Microsoft Excel - orbits.xls

|Ef] File Edit Wiew Insert

Format Tools Chart  window  Help

IDeEHL ey | iRy v-o- &= 4 22| 0/eé - @) . | Al
Chart Area =] =]
A | e | ¢ | b | E | F | & | H | 1t | g |
N delta t 0.08
xcel
| 3 |
| 4 |
| 5 |t ¥ ¥ Wy Wy R YRGS A Ay
=3
7
E . . . . o AUS . .
ER 016 0423 0282 069 1533 0493 8380 3538 2109
| 10| 024 0380  0.361 0.922 1364 0503 7.671 2751 2.844
11 gi2  nosm  n4s 1147 1137 N2 7 (A1 18R 3007 .
% 1.000
14 | Chart Area
15|
[ 17 |
16 \
19
E : s s
| 21 | 1.000 -0.500 0.000 0.400 1.000
| 22 |
| 23 |
24 B-5E6
| 26 |
27 1.000
Bl _
ﬁ *..-’IJ RERCI=T -0.045 - T.34 0829 .U.tﬂtilj 045 -T.023 -O.045 u
| 30 | 184 0989 0112 0052 0825 099 1015 1004 0114
ek 197 N 9RE NAT7T n o= N AR 1 0 n agd N grRn N ATE
15-01-2009 5



8.3

* Runge-Kutta method

“gglie" using é:ﬁ
wpylle™ using 7:9 +

- Adaptive step size
*  Gnuplot

-8.3 !
-8.6 -8.5 -8.4 -8.3 -a8.,2 -8.1 a a,1 8.2
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Thrane & Thrane

From low Earth orbit to GEO
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Thrane & Thrane

Rocket Thrust

m A A=

AT F
F=mv,+(p,—p,)A

Plenum-0

AV

Thrust
Throat-th

Flow REEERE I5p

Input Panel: |[EEWGERE ™

{ athsqin  |161.7461 y b
Aeiith 49808 4 3

Aniath 3.9925 1 3

Length 4 - »

Fuel

Ti0 LR

P10 psi

Foam

Ath s in LA
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Burn times

«  Centaur rocket GTO
- Delta V for orbit insertion is ~ 2.4 km/s
« Engines deliver ~147kN
* Mass: 15000kg prop + 6000kg sat
* Burntime: ~343s

« GTOto GEO
- Delta V for circular orbit is ~1.5 km/s
* Mass: 6000kg
« Thrust data for |14 unavailable
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Re-clocking |4 satellites

* 14 F2 moves from 53W — 25E

78°
« Distance travelled: L—%ZﬂR

* Time: 30days*86. 400s/day

* Velocity ~23m/s (80km/h)
 New orbit is 650m lower
{ J}j’ <
- F11-4 satelits F2 14 satelits (F'I?Dl-tjesda;teeuitn?inedj
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Thrane & Thrane

Re-clocking - finally
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Thrane & Thrane

Three-body problem

F(r)=-G
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Chaotic orbits

Haz=




Chaotic orbits?




Yes really!
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Non sperical mass distribution
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Non-spherical gravitational field

r r

U(r,0)=—- oM {1 — 2 Jn(ﬁjn}’n(sin(ﬁ))}

Earth data P(x)=1

J,=1082.63210 P (x) =);

J3=-2.5110° Pz(X)ZE(3x—1)
— o106

=L })3(36):%(5)63—3)0

Jo=-0.1510°
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And it gets worse!

 Relativistic spacetime effects

- Earth geometry corrections
* Tides
* Plate techtonics
* Pole movements
* |Internal mass shifts

* Pico second time resolution

. prj(rj —ri) 1 J’—I—'\ B Ei 1 i 3 orley vz 1 2l
e Z rf ( Z Z? & 2 [ e ] + 5zl — T Pl +
j#i : ki

2

7 (%)ZHH" () )+f—22‘”“( vy - )] [(2 4 2906 — (14 29)i5] ) (i i-jj+3+.4"'"z_”ffj (3)
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Satellite tracking - Pioneer 10

» First probe to visit SUCIReEEI R

« Tracking data from
1972 1o 2002

- Anomalous accelergiige M
8x108G '
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Thrane & Thrane
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Thrane & Thrane

UT. wed hiar 14 14155
D 61932 5044
S5im Sdiis

Full solar system dynamics simulation
Including non spherical gravitational fields
Sun, all planets, moons, and other orbiting objects
Timewarp for interplanetary cruises
Broad range of spagcecraft

Realism settin
Atmospheric haze,
Aerodynamics in earth
Rocket engine exhaust -

Launch from Earth, land on moon base
Realistic on board flight software

Star constellation overlay




Orbiter Demo
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Thrane & Thrane
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