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INTRODUCTION

Tethered artificial gravity assist. a proposed
alternative to traditional methods of propulsion
that changes the orbital path of a spacecraft using
a tether

Objective: Develop an approach to optimize
tethered artificial gravity assist maneuvers in
binary asteroid systems using the circular
restricted three-body problem (CR3BP)
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PROBLEM FORMULATION

Ratio of mass between secondary asteroid and total
system [3l:
m;

‘u_m1+m2

Normalized position of asteroids in synodic frame [3l:
> _H = 1_:u
i=lo) =[5

Normalized radii of asteroids:
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Additional Parameters:

m, = real mass of primary
m, = real mass of secondary
R, = real radius of primary
R, = real radius of secondary
= real semi-major axis of secondary
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TETHER DYNAMICS ASTR QL‘A 5

Tether Attachment [4];

_ rxi] _ [l cos(y + 6) + Rscos Y + (1 — ,u)]
My [ sin(y + 8) + R siny

P>
L 2
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[Uyl] [—v;ooosfilggiblp-l_*'ﬁ; )]

Tether Detachment [4];

S rxi] _ [l cos(yp —8) + Rgcosyp + (1 — ,u)]
= il [sin(y — &) + R, siny

_ [vxi] _ [ Voo SIN(p — ) ]

il e cos(@ - B)
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Jacobi Constant: The only conserved value in
CR3BP dynamics

Jacobi Constant [3]:

P>
L 2

21—
C; = (1 — Wy + prd +r—+r__v°2°
14 S
Distance between spacecraft and each asteroid [3]:
ry =+ W%+

re=(n—14+w*+1n
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OPTIMIZATION

Genetic algorithm (GA): evolutionary algorithm for

complex optimization problems with high modality

« Select a planar periodic capture orbit as a desired
final orbit to insert the spacecraft into (described by
ry and v,)

« Design variables: ¢, 8, I, ¥; and v,

<>
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Objective Function:

J = =01|Ciy = G| + wa[Fa = T[] + ws[[Va = ¥

Constraints:
Ci, >0

~R, >0

itraj

-
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SIMULATION PARAMETERS ASTR C;-L.“A B

Criteria for selecting systems:

1. Enough data known to accurately simulate systems

2. Low orbital eccentricity observed in secondary

3. Categorize systems into different mass ratio ranges (i.e., small u, medium u, and large u)
4. Largest distance between surface of primary to L, stability point

Observed Characteristics [5-9]
Parameter | 2002 CE26 Dionysus & S/1997 | 2000 DP107 & S/2000
U 0.0800 0.1667 0.2908
mr 1.95 x 1013 kg | 2.48 x 1012 kg 4.6 x 101! kg
dp 3.46 km 1.43 km 0.8 km
€ 0.00 0.07 0.01
ag 4.7 km 3.4 km 2.62 km
dg 0.3 km 0.29 km 0.3 km
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SIMULATION SCENARIOS

2002 CE26: 1 = 0.0800, C;, = 3.4559

L3,

2002 CE26: p = 0.0800, Cj, = 3.4559

T 1
Desired Final Orbit
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Dionysus and S/1997: u = 0.1667. C;, = 3.8256
Desired Final Orbit
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Dionysus and S/1997: p = 0.1667, C;, = 3.82506
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2000 DP107 and S/2000: = 0.2908, C

2000 DP107 and S/2000: z = 0.2908, C;, = 3.7149

iy

7t International Conference on Tethers in Space

ASTROLAB

ASTRONAUTICS AND ROBOTICS LABORATORY




Optimized Tethered Maneuvers

RES U L I S Design Variables | 2002 CE26 Dionysus & S/1997 2000 DP107 & S/2000
() 210.12° 206.11° 206.64°
) 31.73° 26.62° 25.51°
l 2.67 X 103> m 2.49 X 103m 2.46 x 103m
2002 CE26: = 0.0800, Cj‘, = 3.4581 o Dionysus and S/1997: u = 0.1667, Cj»/, = 3.8112 5+ 2000 DP107 and S/2000: u = 0.2908, C'j_, = 4.3924
Incoming Trajectory Incoming Trajectory Incoming Trajectory
Final Trajectory Final Trajectory Final Trajectory
151 Path of Maneuver 151 Path of Maneuver 151 Path of Maneuver
1t L4, 1 L4y 1 Hx
05 05 0.5
= Gk L3>< é = of L3>< Eé = 0 L3>< é
-0.5r 051 05
1t -1F -1r
15+ 15+ 157+
-2 . -2 ! -2
-2 1 1 2 -2 1 0 1 2 -2 1 0 1 2
x z
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RESULTS A'STR C}-“.LMA B

« Minimal difference found between desired orbit and final orbit in 2002 CE26 and

Dionysus & S/1997
« Larger distance between position vectors for 2000 DP107 & S/2000 caused a more

circular final orbit shape

Difference between desired orbit and final orbit

Parameter | 2002 CE26 | Dionysus & S/1997 | 2000 DP107 & S/2000
|Fr —F4]| |0.1275m  |5.9600 m 259.2802 m
|V — V4] |0.0120 m/s | 0.0370 m/s 0.0191 m/s
|Cj _ de| 0.0022 0.0144 0.6775
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DISCUSSION

« GA successfully optimized tethered artificial gravity assists in each binary system
* Initial trajectory orbited in same direction as final desired orbit and rotation of system

« Tether at detachment point was optimized to be nearly aligned with x-axis

- Positive trend observed between u and AC;

Change in Jacobi Constant
Parameter | 2002 CE26 | Dionysus and S/1997 | 2000 DP107 and S/2000
U 0.0800 0.1667 0.2908
C;, 2.0166 1.6960 1.8426
Cj, 3.4581 3.8112 4.3924
AC; 1.4415 2.1152 2.5498
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CONCLUSION & FUTURE WORK AS TR {;L‘A .

« Successfully optimized tethered artificial gravity assist
maneuvers in three binary asteroid systems using
CR3BP dynamics

e Future work:

 |Incorporate external perturbations into model

« Utilize varying-length tether in maneuver

Credit: NASA/Goddard/SwRI/ASU [10]
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TETHER DYNAMICS

Tether Attachment [4]:
2 rxi] _ [l cos( + 6) + Rgcos Y + (1 — )
N KE% [ sin(y + &8) + R, siny

Ui = [Z;] - [—v;o:ci:gg(plffg)

Tether Detachment [4];
2 [Txi] _ [l cos( —8) + R;cosyp + (1 — ,u)]
N 7 [ sin(}p — &) + R, siny

o= o] = osto =

Additional Parameters:

| = tether length

Y = angle from positive x-axis to maneuver
midpoint

f = angle from midpoint to tether
attachment/detachment (about origin)

d = angle from midpoint to tether
attachment/detachment (about tether attachment
on asteroid surface)

v = Magnitude of velocity of spacecraft entering
asteroid system

>
v

\\“
—
26 T
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-0.51
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2002 CE26

2002 CE26: 1 = 0.0800, C;, = 3.4581

Optimized tethered maneuver in 2002 CE26

Incoming Trajectory
Final Trajectory
Path of Maneuver

.

2024-06-04

Design Variables Values
() 210.12°
) 31.73°
Dimensionless Dimensional
l 0.5221 2.67 x 103 m
Iy [0.3730,—3.98 x 10~°]T |[1.91 x 10~3,—0.2033]T m
vy [—0.0211,1.0540]T [—0.0121,0.6020]T m/s
Output Values
Parameters
Cj, 2.0166
C; 3.4581
AC; 1.4415
Dimensionless Dimensional
I [0.6482, —0.4751]T [3.31 x 103, -2.43 x 103]T m
V; [-0.9151,0.5234]T [—0.5227,0.2990]T m/s
I; [0.3726,—6.48 x 10>]T | [1.91 x 103,-0.3308]T m
| |

—1.25 x 1074,1.0542]"T

—7.12%x107°,0.6021]T m/s
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DIONYSUS &
S/1997

50 Dionysus and S/1997: u = 0.1667, Cj, = 3.8112

Optimized tethered maneuver in 2002 CE26

Incoming Trajectory
Final Trajectory
Path of Maneuver
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Design Variables Values
Y 206.11°
) 26.62°
Dimensionless Dimensional
l 0.6099 2.49 x 103 m
Iy [0.1927,-9.36 x 1073]T |[786.33,—38.20]T m
Vg [—0.1635,1.2280]T [—0.0420,0.3152]T m/s
Output Values
Parameters
C;, 1.6960
C; 3.8112
AC; 2.1152
Dimensionless Dimensional
r; [0.4320,—0.5010]T [1.76 x 103, —2.04 x 103]T m
V; [—0.9669,0.7745]T [—0.2482,0.1988]T m/s
I; [0.1915,—0.0102]T [781.47, —41.65]T m
| |

—0.0197,1.2387]"

—5.06 x 1073,0.3180]T m/s
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2000 D107 &
S/2000

o 2000 DP107 and S/2000: p = 0.2908, C;, = 4.3924

Optimized tethered maneuver in 2002 CE26

Incoming Trajectory
Final Trajectory
Path of Maneuver
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Design Variables Values
Y 206.64°
) 25.51°
Dimensionless Dimensional
l 0.6662 2.46 x 103 m
Iy [0.0671,4.74 x 1073]T [247.70,17.50]T m
Vg [—0.1765,1.1621]T [-0.0270,0.1776]T m/s
Output Values
Parameters
C;, 1.8426
C; 43924
AC; 2.5498
Dimensionless Dimensional
r; [0.2641, —0.5442]T [975.61,—2.01 x 103]T m
V; [—0.9099, 0.7442]T [—0.1390,0.1137]T m/s
I; [6.84 x 1073,—0.0313]T |[[25.28,—115.75]T m
[— |

0.0524,1.1743]T

—8.00 X 1073,0.1794]T m/s




