Lo and ROSS




Mission-Enabling Technology

Not All Technology is hardware!




The InterPlanetary Superhighway (IPS)
« Low Energy Orbits for Space Missions

* InterPlanetary Superhighway—"a vast network of
winding tunnels in space” that connects the Sun, the
planets, their moons, AND many other destinations

e Systematic mapping properly known as InterPlanetary
Transport Network

Simd, Gomez, Masdemont / Lo, Howell, Barden / Howell, Folta/ Lo, Ross / Koon, Lo,
Marsden, Ross / Marchand, Howell, Lo / Scheeres, Villac/ .......




Originates with Poincarée (1892)

Applications to wide range of fields

Different View of Problems in N-Bodies
e Much more than Kepler and Newton imagined
« Computationally challenging

Poincaré (1854-1912) “Mathematics is the art of giving the same
name to different things”
Jules Henri Poincaré
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New Era in Celestial Mechanics







Current Libration Point Missions

Goddard Space Flight Center




Rotating View Inertial View
(Rotates with two bodies)




Rotating View Inertial View




Earth-Moon Distance: 384,000 km
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Sun-Earth System ' @m into Earth regiD
Lyapunov Orbits

Select any particular orbit
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3D Halo Orbit

Key is Unstable Nature




Sun-Earth System
L1 Stable Manifold

Point Along Orbit Represents ‘Fixed Point’

- One Stable Mode
- Compute Trajectory in Negative Time

- Compute for All Points
- Creates Another Surface 2 Transfer Trajectories

- Asymptotic Arrival




Sun-Earth System
Earth Orbit to Halo Transfer (225 Days)
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Sun-Earth System
Halo to Earth Orbit Transfer (225 Days)
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Sun-Earth System
L1 Stable Manifold

Stable Mode




Sun-Earth System
L1 Unstable Manifold

Unstable Mode







3D Halo Orbit

3D Halo Orbit

Key is Unstable Nature




Sun-Earth System
L1 Unstable Manifold

L1 Unstable =




Sun-Earth System
L2 Stable Manifold

- L2 Stable




Sun-Earth System
L1 Unstable Manifold with L2 Stable Manifold
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View from N. Ecliptic (Z-axis)
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View from Anti-Earth Velocity (-Y-axis)

View from Anti-Sun (X-axis)




Sun-Earth System
Earth Orbit to Halo Transfer |
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Sun-Earth System
L1 Unstable Manifold with L2 Stable Manifold
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View from N. Ecliptic (Z-axis)
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Sun-Earth System

L1 Unstable Manifold with L2 Stable Manifold
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Also Natural Objects:

-

Sun-Jupiter System - some comets follow manifold tube structure







WMAP

Nominal mission: 27 months + several
years extension

Total Payload ~ 830 kg
WMAP instruments continuously shaded
from the Sun, Earth, and Moon to lower
thermal disturbances




WMAP
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*Proposed 1995

*WMAP Delta Il Rocket Launch

® o aunched June 30, 2001

*Kennedy Spaceflight Center Launch, Pad 17B

*Almost perfect launch -- on time to the sec



Sun-Earth System
L2 Stable Manifold
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Phasing Loops

/ Earth




EM L1 Gateway

O1 “ L2













Every 3-Body System: 5 Fixed Libration Points

Generate the InterPlanetary Superhighway

<«—1.5 Million KM > | <€ 1.5 Million KM ————
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EM L1 Gateway Hub
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e Build Instruments & S/C Lunar L, Gateway for EL,

« Service S/C at Earth L, from Lunar L, Gateway Module
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