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Abstract

Unexpected energy increases during Earth flybys
of both the Galileo and Near Earth Asteroid
Rendezvous (NEAR) spacecraft have drawn evidence
of spacecraft trajectory modeling errors, an
unknown perturbing force or failure of Newtonian
gravity. This paper will investigate the gravity field
of Earth as a possible source of these anomalous
AVs. Other possible sources of errors have been
considered including: the mathematical models
representing the perturbing forces acting on the
spacecrafts while in the sphere of influence of Earth
such as relativistic effects, tidal effects, Earth
radiation pressure and atmospheric drag. However,
most of these perturbations such as atmospheric
drag can be ruled out because the imparted
acceleration upon the spacecraft is several orders of
magnitude less than observed. Since the oblateness
effect is several orders of magnitude greater than
the non-gravitational perturbations, errors in the
spherical harmonic representation of Earth's gravity
field will be examined. Other sources that have
already been examined and tentatively dismissed
include numerical round-off, integration errors,
spacecraft antenna phase center offset and
spacecraft antenna switching during encounter.

INTRODUCTION

Because of the limited propulsive systems available
today for interplanetary trajectories to the outer
planets and other solar system bodies, mission
designers are utilizing the free exchange of potential
energy from the planets such as Venus, Earth and
Jupiter to spacecraft kinetic energy during gravity
assists. During the first of two Earth gravity assists
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(referred to as GEGA1), the Galileo spacecraft
experienced an unexplained net velocity gain of
approximately 4.3 mm/s in December of 1990.

Figure 1 illustrates the nature of the discrepancy for
GEGA1; this gain is evident by the -66 mHz shift
between the pre- and post-encounter coherent (2-way)
S-Band Doppler data acquired from the Deep Space
Network (DSN), The Doppler residuals in Figure 1
were created by fitting die spacecraft trajectory to the
pre-encounter data in a least square sense and passing
through the post-encounter data. Provided that there
are no discrepancies in the estimation and modeling
of the spacecraft trajectory, the residuals should
remain flat through the encounter and beyond.
Instead a 66 mHz shift remained after the encounter
with Earth. For Galileo's S-Band frequency this
translates to -4.3 mm/s (1 mm/s = 15.4 mHz). As
shown in Figure 2, the range data acquired during this
time also exhibited similar behavior (i.e. slope of
-4.3 mm/s). In operations, the Galileo Navigation
Team fit the trajectory through the post-encounter by
estimating an hypothetical 3-axis instantaneous
impulsive maneuver of nearly the same magnitude at
perigee (-3.8 mm/s)[l]. Figure 3 shows that the
discontinuity in the Doppler residuals can be removed
by estimation of this anomalous AV.

This event prompted an investigation of both the
navigation software of the Navigation and Flight
Mechanics section at the Jet Propulsion Laboratory
(JPL) and the mathematical models used for deep
space navigation. Other agencies such as the Goddard
Space Flight Center (GSFC) and University of Texas
Center for Space Research (UTCSR) have also
investigated this discrepancy, but found no definitive
explanation to the source of the AV. When Galileo
returned to Earth in December 1992 for its second
and final Earth gravity assist (GEGA2), special
tracking arrangements were made with the Tracking
and Data Relay Satellite System (TDRSS), but no
anomalous AV was apparent [1]. Drag acceleration

American Institute of Aeronautics and Astronautics


