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Appendix D

Supplementary Work Related to
Gravitational Capture

D.1 Ballistic Transit Trajectories in the SSHR3BP

This section will present the ballistic transit trajectories, in dimensional units, utilising invariant
manifold theory detailed in Chapter 2. The trajectories are provided here as supplementary to

the main content of the work in Chapter 6 and so are provided here without further comment.
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Figure D.1: Ballistic transit trajectories via L and Ly Lagrange points
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D.1.2 4 Vesta
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Figure D.2: Ballistic transit trajectories via L1 and L, Lagrange points

D.2 Study of Increasing a. on the Capture of a Trajectory at
Asteroid 433 Eros

This section will provide supplementary material to the two-phase capture approach for a solar
sail at an asteroid. The work contained here represents the initial investigation of a targeted
orbit within 0.30 DU of the asteroid 433 Eros. Given the sensitivity of the weak gravity field of
the asteroid to a sail which may have a relatively strong a., an continuation approach is taken.
In this, the continuation parameter is the value of a., where a. € [0.01,0.2] mm/s?. Following
the successful capture with 0.30 DU for a sail of a. = 0.2 mm/s?, the capture region radius is
then reduced; first to 0.25 DU and then to 0.20 DU. Again, as this material is supplemental, any

discussion of it is contained in the main text and so no further comment is made here.

D.2.1 Initial Capture

First, the initial capture phase is approached for each value of a..
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ZVC Radius 0.30 DU

This section presents the results where the targeted capture region has a radius of 0.30 DU.
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Figure D.3: Initial capture phase: 433 Eros, a. = 0.01 mm/s*
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Figure D.4: Initial capture phase: 433 Eros, a. = 0.02 mm/s*
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Figure D.5: Initial capture phase: 433 Eros, a. = 0.03 mm/s®
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Figure D.6: Initial capture phase: 433 Eros, a. = 0.04 mm/s>
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Figure D.7: Initial capture phase: 433 Eros, a. = 0.05 mm/s*
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Figure D.8: Initial capture phase: 433 Eros, a. = 0.06 mm/s>
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Figure D.9: Initial capture phase: 433 Eros, a. = 0.08 mm/s>
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Figure D.10: Initial capture phase: 433 Eros, a. = 0.10 mm/s*
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Figure D.11: Initial capture phase: 433 Eros, a. = 0.12 mm/s*
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Figure D.12: Initial capture phase: 433 Eros, a. = 0.14 mm/s*
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Figure D.13: Initial capture phase: 433 Eros, a. = 0.16 mm/s*
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Figure D.14: Initial capture phase: 433 Eros, a. = 0.18 mm/s*
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Figure D.15: Initial capture phase: 433 Eros, a. = 0.20 mm/s*

ZVC Radius 0.25 DU

This section presents the results where the targeted capture region has a radius of 0.25 DU.
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Figure D.16: Initial capture phase: 433 Eros, a. = 0.20 mm/s*
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ZVC Radius 0.20 DU

This section presents the results where the targeted capture region has a radius of 0.20 DU.
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Figure D.17: Initial capture phase: 433 Eros, a. = 0.20 mm/s*
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D.2.2 Orbit Shaping

This section will present the orbit shaping results which follow from the initial capture phase of
the preceding material.
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Figure D.18: Orbit shaping phase: 433 Eros, a. = 0.01 mm/s*
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Figure D.19: Orbit shaping phase: 433 Eros, a. = 0.02 mm/s*
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Figure D.20: Orbit shaping phase: 433 Eros, a. = 0.03 mm/s*
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Figure D.21: Orbit shaping phase: 433 Eros, a. = 0.04 mm/s*
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Figure D.22: Orbit shaping phase: 433 Eros, a. = 0.05 mm/s*
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Figure D.23: Orbit shaping phase: 433 Eros, a. = 0.06 mm/s*
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Figure D.24: Orbit shaping phase: 433 Eros, a. = 0.08 mm/s*
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Figure D.25: Orbit shaping phase: 433 Eros, a. = 0.10 mm/s*
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Orbit shaping phase: 433 Eros, a. = 0.12 mm/s*
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Figure D.27: Orbit shaping phase: 433 Eros, a. = 0.14 mm/s*

Periapsis
Apoapsis

50 100 150
Time (Earth days)

(a) Radius of periapsis and apoapsis

400 0.4
03
=350
3 ]
< 02 Q
@ 300
0.1
250 0
50 100 150

Time (Earth days)

(c) Semi-major axis against eccentricity

o
3
S

°
2

L

(8| (52,

o
=

o
N

"

Ay - Spn

20 40 60 80 100 120 140
Time (Earth days)

I
20 40 60 80 100 120 140
Time (Earth days)

(b) Magnitude of acceleration and direction of
sail normal relative to the Sun

R

AVAVAVAIIL

20 40 60 80 100 120 140
Time (Earth days)

20 40 60 80 100 120 140
Time (Earth days)

(d) Velocity direction and direction of eccentric-
ity vector relative to the Sun

X (

500

km)

(e) Trajectory (ACI frame)

Figure D.28: Orbit shaping phase: 433 Eros, a. = 0.16 mm/s*



