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Design of Reference Halo Trajectories
around L2 Point in the Sun-Earth System

Masayoshi UTASHIMA*!

ABSTRACT

Lagrange Point Missions in the world

The launch of NASA’s International Sun-Earth Explorer-3 (ISEE-3) in 1978 has opened a new world of space
missions which utilize the Lagrange points. ISEE-3 was injected into a halo orbit around the L1 point in the
Sun-Earth system. The L1 point in the Sun-Earth system has been utilized primarily for observing the Sun, and the
Solar Heliospheric Observatory (SOHO) which was a joint ESA-NASA mission and launched in 1995 has been
observing the Sun from a halo orbit around the L1 point.

For the L2 point in the Sun-Earth system, NASA’s Wilkinson Microwave Anisotropy Probe (WMAP) which
was launched in 2001 is the first mission. Since the L2 point in the Sun-Earth system is an adequate position for
astronomical observation, several astronomical satellites such as Herschel (ESA, planned to be launched in 2007),
Planck (ESA, planned to be launched with Herschel), JWST (NASA, planned to be launched in 201 1), and GAIA
(ESA, planned to be launched in 2011) are planned to be launched to the L2 point.

Future Plan of Japan

Several astronomical satellites to be located at the L2 point in the Sun-Earth system are being studied in Japan.
They are such as the Space Infrared Telescope for Cosmology and Astrophysics (SPICA) and the Japan Astrometry
Satellite Mission for Infrared Exploration (JASMINE), and the Japanese Terrestrial Planet Finder (JTPF). JASMINE
is a survey-observation mission, and a Lissajous orbit may be appropriate for it. SPICA and JTPF are
point-observation missions, and halo orbits might be suitable for them.

In the JAXA Vision — JAXA 2025 — announced in March of 2005, the following statement is included ; “JAXA
envisions the use in the future of the Lagrange point of the Sun-Earth system as a new locale of human activities
reaching further out into the solar system. JAXA’s naming of this vision is the Deep Space Harbor concept, which
can also be referred to as the Gateway to Space concept.”

Method of Lagrange Orbit Maintenance

Since orbits around the L2 point in the Sun-Earth system are unstable ones with a divergence time constant of
about 23 days, accurate orbital maintenance maneuvers at a few month intervals are necessary. If an attitude

subsystem does not cause large disturbances, however, the orbits can be maintained with a yearly AV of about 1 m/s
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based on orbit determination errors and maneuver errors. In order to perform orbital maintenance, a reference -
trajectory with zero AV is designed in advance under a precise model of perturbations. Orbital maintenance
maneuvers are then performed at intervals of a few months such that the reference orbit is followed.

Method of Design of Reference Orbits in United States and Europe

In the United States and Europe, a zero AV reference trajectory is deéigned by numerically obtaining a solution
with the matching conditions of positions and velocities between half-period orbits from an initial trajectory derived
by a third- or higher-order analytical solution of the circular restricted three-body problem. This method was first
applied to SCHO.

Method of Design of Reference Halo Orbits in This Report

The method above has a problem in that higher-order analytical solutions are required. This report presents a
new method in which the Sequential Quadratic Programming (SQP) method is applied and the higher-order
analytical solutions are not necessary. We used an elliptical restricted four-body problem, which means the elliptical
restricted three-body problem plus lunar tidal force. Other perturbations include the solar radiation pressure and
planetary tidal forces. Since the solar radiation préssure causes an almost constant acceleration and the planetary tidal
forces are small, however, the new method presented in this report could be applied to a real solar system model.

This report is the halo orbit version of the “Design of Reference Lissajous Trajectories around L2 Point in the

Sun-Earth System” published in February of 2005.

Keywords: Halo Orbit, Reference Trajectory, Lagrange Point, L2 Point, Sequential Quadratic Programming Method,

Astronomical Satellite, Lunar Tidal Force, Least Squares Least Norm Solution, Reduced Newton Method
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