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Objective v
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* How to maintain an orbit around a primitive body
and avoid secondary interactions with its
extended-body gravity field?

* Keep the orbit as circular as possible.
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Analytic Perturbation Equations &
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o Ta ke the anada Iytlca I eq u atIO nsS: Scheeres, D.J. “Satellite Dynamics About Asteroids” AAS 94-112
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* And assume small eccentricities:

d. o .
al~0 A=—N

* Yields simple near-constant rates in e-w space.:

€x = —(g4cosisinA
ey, = —C4cos A

The full paper has the detailed derivation.
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Comparison to Numerical Simulation{
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Choosing Optimal Initial Conditions &Y
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* Select the argument of periapsis to put path
through center of e-w space

—C,cos A —cos A
wo =1+ tan™! i =1 + tan~! —
—Cg cosisinA —cosisinA

* Choose initial eccentricity to meet some
maneuver frequency or choose maneuver
frequency based on eccentricity requirements:
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e Returns the

eccentricity
and argument
of periapsis to
some user-
specified
point.

Fails when the
maneuver
frequency
drops below
the orbit
perioc
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Fixed Target Controller Elements &2

Circular-Orbit Maintenance Strategies for Primitive Body Orbiters
23.0

e

o

w

v
T

22.8

o

o

]

U
T

L
e

R A

22.4 ’

| | | | |
0 50 100 150 200 250 300 350 400 0.0

| | | | |
100 150 200 250 300 350 400

71.5 T T T T T T T 200.0
ol

68.0
67.0 l

4 1500L b T

node

500F
2000k

0 50 100 150 200 250 300 350 400 _200'00 50 100 150 200 250 300 350 400

| 1' ' ]
NN

| il
il ::::

[

-200.0 L

i i i i i i i ‘ ‘ i i i
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
days days

400.0 , , , , , , , 200.0
3500+ |eoeo oo b ] 150.0

300.09 ¢ 100.0

250.0 Hl
o
£ 200.0

150.0 -50.0

100.0 -100.0 { 1

50.0 Mt -150.0

0.0

13 August 2012 7



Circular-Orbit Maintenance Strategies for Primitive Body Orbiters

* Chooses an
e-w target to
fit a fixed
maneuver
frequency.

* Eccentricity
grows as C,
Increases.
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Fixed Schedule Controller Elements &2

Circular-Orbit Maintenance Strategies for Primitive Body Orbiters
23.0

0.07

I 1 A \
| \ | I i
I

0227 |
HHHHHHH\
7 22.6 LAY i

(i
2.5 I I\J|\||\| .|H 1 soakanalill

005k i ;
004f i

ecc

0.03 b

214_m“mLm_4_._m“_m:__”mm“m;m. 0.01

| | | | | | | | I | I ]
22'30 50 100 150 200 250 300 350 400 QOO 50 100 150 200 250 300 350 400

715 T T T T T T T 200.0
705 b
000 e
8.5 -]
675,
67.0

node
o
o

0 50 100 150 200 250 300 350 400 “°0°0 50 100 150 200 250 300 350 400
400.0
350.0I 1|1} TR Y B S R
300‘01 LT O O N AP
250.0 {HAM AAnAnA AR
' 200.0{ ‘ ‘

150.0 [{fikhiE
100.0 u L

s

i i i i i . ‘ i ‘ ‘ i i i
0 50 100 150 200 250 300 350 400 o 50 100 150 200 250 300 350 400
days days

[ ———

13 August 2012 9



Conclusions Nasa
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 Computationally simple controllers.

* Numerically powerful and stable.
* Other options to implement the equations:

— Fixed eccentricity target with variable initial argument
and schedule

— Complement e-w controller with ascending node
control to maintain constant hour-angle.
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Any Questions?
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