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Ex tended Abstract 

Introduction 

The Neptune Aerocapture mission described herein will use solar electric 
propulsion to deliver an orbitedprobe combination to Neptune and will incorporate 
aerocapture technology to assist with the Neptune orbit insertion. A probe deploying as a 
balloon will be delivered into Neptune’s atmosphere prior to aerocapture. This report 
however, focuses on the orbiter delivery in order to demonstrate the feasibility of direct- 
entry aerocapture techniques; the probe delivery is noted only in so far as illustrating that 
the anticipated probe requirements can be met. 

Data Type Comparison 

Entry into Neptune’s atmosphere necessitates an accurate delivery in order to 
meet the physical requirements of the aerocapture system. To minimize the aerocapture 
capsule mass and still satisfy the physical requirements, the capsule must reach the entry 
interface point at the top of the atmosphere within a small tolerance of error and 
thereafter follow a precise trajectory through the atmosphere while the aerocapture 
system slows the vehicle in a controlled manner. At the distance of Neptune, an accurate 
delivery will incorporate a broad sweep of available navigation data types, each 
complementing the other. Past interplanetary missions to the outer solar system have also 
used a wide spectrum of data types, but the requirements levied on the Neptune Orbiter 
suggest that both data accuracies and data densities will have to increase significantly 
( i e .  improve) with respect to earlier missions. 

The navigation data incorporated to satisfy atmosphere insertion requirements at 
Neptune do not differ quantitatively from previous missions, but the resolution and 
fidelity of those data must improve. The data types employed in this study are: two-way 
doppler and ranging, AVLBI, and optical navigation photometry. The sensitivities of 
these data types are compared; in particular, the advantages of Ka-band versus X-band 
(especially for AVLBI). Other sensitivity comparisons will show that advanced (ie. not 
yet built) optical navigation cameras provide additional margin to the navigation delivery 
in comparison to state-of-the-art camera systems currently available (e.g. the Cassini 
camera). One of the purposes of this paper then, is to show the incremental improvements 
to spacecraft delivery accuracy due to improvements in the AVLBI system and the optical 
navigation system, relative to only doppler and range tracking. 

Navigation Model 
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Dynamical models and the uncertainties in those models at the time of atmosphere 
entry will be discussed. In particular the Neptune ephemeris is the dominant error source 
for the navigation delivery. Neptune’s ephemeris can be improved with additional data 
from ground-based observations, but ephemeris errors are expected to remain significant. 
This error source provides much of the motivation for including an optical navigation 
system with the spacecraft. 

Thrust and pointing uncertainties due to the ion propulsion system will not be 
included in the navigation model because the propulsion module will be jettisoned well 
before the approach to Neptune (at which point the spacecraft is following a ballistic 
trajectory). 

Delivery 

The combination of orbit determination state errors and trajectory correction 
maneuver execution errors mapped to the atmospheric entry interface point is referred to 
in this document as the delivery accuracy. The trajectory correction maneuvers occurring 
during the last two months of the approach to Neptune provide the control necessary to 
target the orbiter to the entry interface conditions. The entry conditions at the interface 
point can be specified by inertial entry flight path angle (eFPA), B-plane angle, inertial 
entry velocity, and entry time, where the entry interface point is at a radius of 25757 km 
(approximately an altitude of 1000 km). These entry conditions can also be met by 
targetting a B-plane aimpoint (BOT, B*R) and time of flight. 

The entry interface conditions are derived from the desired orbit of the spacecraft 
after the aerocapture phase (post-insertion). The entry conditions define a trajectory 
through the atmosphere, but the corridor is constrained by the limits of the flight system 
and so the entry FPA must be able to satisfy aerodynamic, structural, and heat loads. The 
flight system, in this analysis, is must be designed to meet an inertial entry velocity of 30 
k d s  and an FPA of -1 1.6 degrees k 0.44 ( 3 0 ) .  

The analysis shows that the entry flight system requirement can be met with a 
navigation delivery at Neptune minus 3 days (using a full data set of two-way doppler, 
ranging, AVLBI observations, and optical navigation. The optical navigation system 
assumed here assumes an advanced navigation camera such as that being developed for 
the Mars Reconnaissance Orbiter.) Additional margin can be achieved by developing an 
improved version of the MRO camera. A camera of this kind with 2x the resolution of 
the MRO camera can improve the Neptune minus 3 day delivery to an eFPA uncertainty 
of k 0.16 deg (30). With this advanced camera the delivery to Neptune is less dependent 
upon the AVLBI system. 

Following aerocapture, the vehicle leaves the atmosphere captured into an orbit 
defined approximately by an apocenter of 400,000 km (16 Neptune radii) and an 
inclination of 157 degrees. This orbit is desired so that the orbiter may rendezvous 
repeatedly with Triton, the primary satellite of Neptune. These passes of Triton will 
serve both scientific and navigation purposes. To use Triton for navigation purposes, i.e. 
gravity-assisted shaping of the trajectory, greater shaping efficiencies can be achieved 
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with a small hyperbolic excess velocity during Triton flybys. For this reason the 
apocenter of the orbit subsequent to aerocapture is desired to approximately equal the 
radius of Triton’s orbit (equal to 354,000 km), thereby satisfying the flyby velocity 
condition. 

3 




