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Abstract. Navigation systems on future small body missions will require accurate models
of the highly perturbed dynamical environment to deliver sufficient accuracy in the state
estimates for close proximity operations. For small bodies, one of the driving
perturbations is the non-spherical gravity field. The classical spherical harmonic
expansion, also known as the exterior gravity field, has historically been the method of
choice to model perturbed gravity fields. However, the exterior gravity field is known to
diverge within the Brillouin sphere, which is the sphere that circumscribes all mass
elements of the body. Takahashi, Scheeres, and Werner ' showed that an alternative
spherical harmonic expansion, the interior gravity field as explained by Werner *, could
be combined with the exterior gravity field to create common convergence regions all the
way down to the surface of a small body. Their results characterized the benefit of this
novel method for localized regions and along specific trajectories, but not globally. Our
results first show that the actual divergence boundary of the exterior gravity field falls
within the Brillouin sphere for a non-spherical mass distribution. Furthermore, we
characterize the degree to which the combination of the exterior and interior gravity
fields globally mitigates the divergence of the exterior gravity field. Finally, based on
these numerical results, we introduce a method for approximating the divergence
characteristic of the exterior gravity field for an arbitrary body, without any knowledge of
the true gravity field. The results of this study can help future small body missions
determine appropriate representation of the gravity field for specific mission
requirements.
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