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Libration Point and Lunar Swingby 
Trajectories 

 These trajectories enable space telescope servicing either by transporting 
repair team to the telescope or the telescope to elliptic Earth orbit

 Mission options exist for Ares V to use libration point and lunar swingby 
trajectories to extend exploration beyond the Moon

 Extended/Modified use of planned vehicles
 Low-cost, low-risk incremental approach to extending human exploration
 SEL2 → NEA → Phobos → Mars

 Assumptions:
 Large space telescopes at SEL2 will require servicing
 Human space exploration will continue
 NASA will develop

 Crew exploration vehicle (Orion)
 Crew launch vehicle (Ares-1)

 Factors used to compare alternatives
 Science value
 Cost effectiveness
 Mission risk
 Flexibility
 Sustainability
 Extension to other exploration destinations



Libration Points
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Libration Points in the 
Vicinity of the Earth
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Halo Orbit Around the 
Sun–Earth L1 Libration Point
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Trajectories to the
Sun-Earth L1 Libration Point
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ΔV Cost for Slow Transfers to 
Sun–Earth Halo Orbits
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ISEE-3 Slow Transfer 
Trajectory to Halo Orbit
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Libration-Point Missions

Mission*
Sun-Earth

Libration Point
Date of Orbit

Insertion Mission Purpose

ISEE-3 [NASA] L1, L2 1978, 1983 Solar wind, cosmic rays, plasma studies

WIND [NASA] L1 1995, 1997 Solar wind monitor

SOHO [ESA/NASA] L1 1996 Solar observatory

ACE [NASA] L1 1997 Solar wind, energetic particles

WMAP [NASA] L2 2001 Cosmic microwave background

Genesis [NASA] L1 2001 Solar wind composition

Herschel [ESA] L2 2008 Far-infrared telescope

Planck [ESA] L2 2008 Cosmic microwave background

GAIA [ESA] L2 2012 Galactic structure, astrometry

JWST [NASA] L2 2013 Deep space observatory

XEUS [ESA] L2 2015 X-ray spectroscopy

Darwin [ESA] L2 2015 Infrared space interferometry

Constellation-X [NASA] L2 ? X-ray astronomy

TPF [NASA] L2 ? Origin and evolution of planetary systems*Acronyms: ISEE (International Sun-Earth Explorer) SOHO (Solar Heliosphere Observatory)
 ACE (Advanced Composition Explorer) WMAP (Wilkinson Microwave Anisotropy Probe)
 GAIA (Global Astrometric Interferometer JWST (James Webb Space Telescope)
 for Astrophysics)  TPF (Terrestrial Planet Finder)
    XEUS (X-ray Evolving Universe Spectrometer)



WMAP used lunar swingby to 
achieve small-amplitude L2 orbit
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Fast Transfers: Low-Earth Orbit 
(LEO) to Sun–Earth L2 Point
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Approximate Round-Trip ΔV
Requirements for Transfers
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Mission Scenario for Telescope 
Servicing at Sun–Earth L2 Libration Point
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Sun-Earth L2 Mission Scenario
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Interplanetary Transfer Vehicle
Mission Scenario

Sun-Earth L2
Halo Orbit

Phasing trajectories using
lunar gravity-assist maneuvers.

• Crew arrival via DSS “taxi
• Perigee ∆V for Earth escape

• Near-Earth Asteroids
• Phobos/Deimos
• Mars

• Crew Earth return via 
Apollo-style capsule

• Perigee ∆V for Earth capture

Phasing trajectories using
lunar gravity-assist maneuvers.

Destinations



    ITV Mission Concept-1
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ITV Mission Concept-2

ITV insertion 
into elliptical 
Earth orbit
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Earth

Crew direct 
Earth entry ITV returns 
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SEL2

ITV multiple
Earth orbits and
lunar swingbys

Depart
NEA
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Five-Month Mission to 
Near-Earth Asteroid
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Five-Month Mission to                        
Near-Earth Asteroid

Trajectory shown with respect 
to fixed Sun-Earth line
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Summary

 Delta-V cost for lunar, geosynchronous, SEL2 
missions are similar

 Use low-cost, low-risk, incremental approach
 Develop Deep Space Shuttle (DSS)

 Geosynchronous orbit (2 days)
 Lunar orbit (10 days)
 SE-L2 (30 days)
 Enables space telescope servicing

 Develop Interplanetary Transfer Vehicle (ITV)
 Near-Earth Asteroid
 Phobos/Deimos
 Mars landing


