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Newton’s gravitation law

* Objects are attracted
by each other
e Attraction force
r depends on object’s
masses and distance
m,x m, between them
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Two-body problem

Two objects in space — spacecraft
and Earth

The Earth attracts spacecraft
Spacecraft doesn’t attract the Earth
Orbits without collisions are
possible

Orbits of different bodies in Solar
system are conic sections (ellipse,
parabola, hyperbola)




Elliptical orbit

Periapsis — the point of least
distance
Apoapsis — the point of
greatest distance

Eccentricity e - shape of the
ellipse, describing how much it
is elongated compared to a
circle

Semimajor axis a —the sum of
the periapsis and apoapsis
distances divided by two

Apoapsis

Ellipse

Periapsis



Keplerian elements

+Z -¢— Periapse

Orbit plane

+y

Equator

Inclinationi —vertical tilt of the
ellipse

Longitude of the ascending node Q —
horizontally orients the ascending
node of the ellipse (where the orbit
passes upward through the reference
plane)

Argument of periapsis w definesthe
orientation of the ellipsein the
orbital plane, as an angle measured
from the ascending node to the
periapsis.
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Passive motion

Keplerian setup:

p = const, o

e = const, N =T

1 = const, B,

() const, s |

w = const, -
dv /D T o
N — 5 . 25 o -1;%”"“-“1%_& =
dt T X, Earthradius 10 7 ;h.---”({_fm Y. Earth radius

Bounded orbit



Different perturbations
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Perturbed motion

“Real” model:
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Relative motion

Hill-Clothessy-Wiltshire equations:

T — 2ny — 3n’z =0,
Yy + 2nx = 0,
54+ n%z=0.




Relative motion solutions

2y(0) \(O)
x(r) = | 4x(0) + sin(nt) 3x(0) +

n

] cos(nt)

45
y(t) = —[6nx(0) + 3y(0)]r + [\ 0) — 2x( )} |:( c(0) +

2x(0)
cos(nt),

0
A )] sin(nt)
n

n

2(0)
z(t) = ——sin(nt) + z(0) cos(nt),
n

)
X(t) = x(0) cos(nt) + [Bx(0)n 4+ 2y(0)] sin(nt)
v(t) = —[6nx(0) 4+ 3y(0)] + [6x(0)n + 4y(0)] cos(nt) — 2x(0) sin(nt)
z(r) = z(0) cos(nt) — z(0)n sin(nt)
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Particular cases

e Leader-Follower

* Pendulum

e Cartwheel

e General Circular Orbit




Particular case:
Leader-Follower, mission GRACE

Deputy is not moving relatively to chief: —
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Particular case:
Leader-Follower, mission GRAIL

Deputy is not moving relatively to chief:

Z [km]

LOLA Topography Free-Air Gravity

<>

z(t) = p
y(t) =0
z2(t) =0




Particular case:
Pendulumé&Cartwheel, mission InSA

Deputy is moving on a line in relation

> ST,

to chief: P @ //

/7 &/
z(t) = pa o
y(t) = p, cos(nt + (3 .

z(t) =0
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Particular case:
General Circular Orbit (GCO), mission LISA

Deputy is moving around chief:




Corresponding missions: MMS
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Thanks for your attention!
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