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�
1.0  SCOPE



The single most important decision to be made during flight will be the selection of the Wild 2 
flyby 
aim point
 requiring
 trades between particle collection, spacecraft safety, other science and spacecraft capability. This document 
describes
 the responsibilities associated with this decision, supporting information upon which the decision will be based, the timeline for 
the supporting 
information development, the decision timeline and a contingency plan.



2.0  PROBLEM STATEMENT



Wild 2 is a unique comet 
in that it was very inactive prior to 1974, having an orbit very far from the sun between the orbits of Jupiter and Neptune.  In 1974, Wild 2 had a close flyby of Jupiter which significantly changed its orbit such that it
s aphelion is now at the Jovian
 orbit
,
 but its perihelion is inside of the orbit of Mars
, approaching the orbit of earth
 (Figure 1.).  This implies that Wild 2 has undergone little change from its original formation until 1974 when its orbit was changed to come much closer to the sun and became significantly more active in forming a coma near perihelion.   The intact capture of particles from the Wild 2 coma by STARDUST in 2004 would be performed during only the 5th apparition since its major orbit change in 1974, providing primitive material in pristine form.
 
These comet samples would comprise the ancient pre-solar interstellar grains and nebular condensates that are believed to have been incorporated into comets at the birth of the solar system
.







                     �


Figure 1. 
Wild 2
 orbit



  
           
 
�


Figure 2. Particle collection during flyby 



The number of particles collected 
during flyby 
is a function of the Wild 2 dust 
spatial 
density distribution which varies inversely to the flyby distance (Figure 2).   The closer the flyby, the more particles collected. However the closer the flyby, the greater risk to the spacecraft.  The closer the flyby, the higher the resolution of the flyby images. However closer flybys require higher camera slew rates which use more power, can yield more image smear and may exceed the slew rate capability.   Therefore the selection of the flyby distance must balance science, spacecraft risk and 
spacecraft and navigation 
capability which
, in general, drive the selection in different directions
. 



With the current dust flux model (Newburn, 1996), the nominal flyby distance of 150 km on the sun 
side of the nucleus (see 
Mission Plan) has been chosen which:




a) 
satisfies the primary science objective of collecting a minimum of 1000 particles greater than 15 mm
 (see Science Requirements Document)
;




b) 
does not represent a significant hazard to the spacecraft;




c) 
provides good nucleus imaging
 during flyby with a range in phase angle 
of 
> 70 deg, a range in surface coverage 
of 
> 160 deg and spatial resolution of the nucleus of up to 10 m/pixel;




d) 
provides good CIDA, Dust Flux Monitor and Dynamical Sciences observation opportunities; and




e) 
is a
chievable within the spacecraft, 
camera 
and navigation 
capabilities.

With this flyby distance, about 7,000 particles greater than 15 mm are expected to be collected, seven times the amount needed to meet the minimum science requirement.  However, there is currently an order of magnitude uncertainty in the dust flux model which, if high, would lead to collecting less particles than required, but if low, could represent a major hazard to spacecraft survivability.  Therefore a major emphasis is being placed on improving the accuracy of the dust model from additional earth-based observations and camera images during flight prior to aim point targeting.  The Principal Investigator will make the flyby distance decision
 
 with 
concurrence from 
the STA
RDUST Mission Manager at JPL and
 the Flight Operations Manager  at LMA.  The following sections describe this process.



3.0  PARTICIPANTS IN DECISION



The final decision to select the flyby distance will balance expected intact particle capture, spacecraft safety, nucleus imaging science, Dynamical Science observations 
(radio science and high rate spacecraft attitude telemetry) 
and spacecraft, 
camera, mirror, navigation and operations 
capabilities
. 
 The flyby selection participan
ts will include the Principal Investigator who will represent science interests and the comet model, the Mission Manager at JPL who will represent navigation, mission design and camera capability, and the Flight Operations Manager at LMA who will represent spacecraft safety, capability and operations.  The Principal Investigator will be responsible for making the flyby distance decision and reporting the decision to NASA.



4.0  TIMELINE FOR DECISION




A nominal flyby distance of 150 km has been selected to be the baseline for the current mi
ssion design.  This is expected to remain the baseline 
until
 we are approaching 
the 
Wild 2 
flyby in 
January, 
2004
 when we have the benefit of the 1997 
and 2003 apparition observation
s
, 
the Navigation C
amera color images
 and a detailed understanding of the flight and ground systems.  Changes to flyby distance
 before this time will require approval through the formal Class 1 Change Management Proce
ss
 for the Project Requirements Document
.





There will be a series of trajectory correction maneuvers performed during the approach to Wild 2 which will be used to target the Wild 2 flyby
 (
Table 1)
.  The planned maneuvers will be perfo
rmed at Wild 2 encounter minus 3
0 days (W-3
0d), 
at W-10d, at W-2d and at W-6h.  The information gathering and flyby targeting decision will come together in the maneuver to be performed at W-2d.   The maneuver at W-6h is scheduled to remove errors associated with the maneuver at W-2d to achieve the selected flyby.  This small trim maneuver can also be used in a contingency situation if information obtained after the W-2d maneuver indicates that either the sample collection or the spacecraft safety are in jeopardy.  However, this is only for contingency and the final flyby targeting decision is to be made at the time of the trajectory correction maneuver at W-2d.







Table 1
.  Wild 2 approach maneuver timeline






Maneuver
�
Time
�
Expected Size


of 
DV
, m/s
�
Expected Correction


to Flyby Distance
, km
�
�
TCM
10
�
W-30d
�
  
<
1
�
<
1
,
0
00
�
�
TCM
11
�
W-10d
�
  
<1
�
 
 
 
<
3
00
�
�
TCM
12
�
W-02d
�
  
<2
�
   
<
175
�
�
TCM
13
�
W-06h
�
  
<6
�
     
<
6
0
�
�



5.0 MODELS AND CONSTRAINTS



To support the flyby targeting decision 
which will be implemented in the maneuver performed 
at W-2d, information will be provided by the Science Team on dust models and science priorities, by the Navigation Team on expected flyby control accuracy and camera performance, and by the Flight Operations Team on spacecraft 
and ground system 
status and capabilities.  
Because of the large uncertainty in the current dust flux model, 
s
ignificant model development, described in the next sub-sections, remains before a flyby within a few hundred kilometers would be targeted at W-2d.




5.1  Comet Dust Flux Model



The current Wild 2 dust flux model is based upon earth-based telescopic observation (Figure 3) through the last Wild 2 apparition in 1990-91.  The uncertainty of this model is quite large, an order of magnitude, requiring significant improvement before a close flyby would be implemented.  Refinements to the dust flux model will be obtained from the analysis of expected earth-based observation during the next two Wild 2 apparitions.  The distances from earth to Wild 2 are too large to obtain observations from the NASA Deep Space Network or Arecibo planetary radar observatories; therefore, only data from optical and possibly radio telescopes are assumed for model improvement prior to spacecraft observations.



Figure 4 shows the earth viewing geometry of Wild 2 during its apparitions between 1990 and 2003 (Yeomans, 1996), just before STARDUST flyby.  The figure shows the position of  Wild 2 relative to a fixed earth-sun line during a 300 day period centered about perihelion.  Since the earth moves about the sun faster than Wild 2, the apparent Wild 2 motion relative to the fixed earth-sun line is clockwise.
  The comet can be viewed at elongation angles of epsilon > 90 deg before perihelion in 19
97.  Epsilon decreases to ~40 deg at 100 days post-perihelion, the time equivalent to the 
STARDUST flyby in 2004.  The 2003 apparition, just before the STARDUST encounter, is very 
bad, with elongation angles less than 45 deg.






�



Figure 3.  Telescopic observation 
of Wold 2 
with 
detailed 
coma structure








�
Figure 4.  Earth viewing geometry of Wild 2 during apparition





The Wild 2 dust flux model uncertainty is expected to be reduced from a factor of 10 to a factor of 3 from the 1997 apparition observations. No additional improvement in the dust flux model is expected from the 2003 apparition
 because of the poor observing opportunity
.  The final model improvement to an accuracy sufficient to target a flyby at the 100 km level will require 
flight 
multispectral 
images from 
the 
STARDUST 
Navigation Camera
 
during Wild 2 approach
 to separate the 
dust continu
um
 from the gas e
mission
.




Navigation Camera images of Wild 2 will start at about W-100d which will include 
images for Optical 
Navigation
 and 
color images of the coma for dust flux model improvement.  At least 4 filters a
re required to produce the multispectral
 images needed for dust flux model improvement.  Images t
aken up to W-3d will be 
analyzed
 to improve the dust flux model to support the flyby distance selection process which will be implemented in the maneuver at W-2d.  Cometary and Interstellar Dust Analyzer (CIDA) and Dust Flux Monitor Instrument (DFMI) instrument observations are not expected to provide coma informat
ion to support the decision at W
-3d 
or at W-6h 
and therefore are not included in the baseline plan for model generation in support of the decision process.  However, the additional images after W-
3d 
 would be processed to confirm the flyby targeting decision prior to the trim maneuver scheduled at W-6h.  



After flyby, all Navigation Camera, CIDA, and DFMI data would be used with additional Radio Science Doppler tracking and High Rate Attitude data to produce the most accurate Wild 2 dust flux model. Figure 5 shows the Wild-2 encounter timeline 
(Cheuvront, 1996) 
for observations supporting 
the maneuver targeting.  Table 2
 shows the uncertainty in the dust flux model over time 
and 
as a function of assumed observations.
  If the Navigation Camera would fail
 during Wild 2 approach
 and no color images were available
, then the 
model uncertainty 
would 
be 
300%
 at the time of both W-2d and W-6h
, the result of earth-based observations only.









�






Figure 5. Wild 2 encounter timeline





Table 2
.  Wild 2 dust flux model uncertainty as a function of data



DATASET�UNCERTAINTY��CURRENT�            1000 %��POST 1997 APPARITION�             300  %��POST 2003 APPARITION
 AND UP TO 


W-6h
 IF THE NAV CAM FAILED
�             300  %��NAV CAM COLOR IMAGES TO W-2d�             150  %��NAV CAM COLOR IMAGES/CIDA/
DFM TO
 E-12h�             100  %��POST WILD 2 FLYBY�               20  %��



5
.2  Navigation Performance



Navigation will use X-Band Doppler and ranging radiometric tracking of the spacecraft plus Navigation Camera images during the Wild 2 approach to target the Wild 2 flyby at W-2d and perform the trim maneuver at W-6h.  The expected Navigation accuracy will deliver the spacecraft to within 8 km and 10 s (1 sigma) of the targeted flyby which is currently defined as 150 km.  The Navigation delivery accuracy would be degraded by a factor of 7 if the Star Cameras were used in place of the Navigation Camera.  Since there has never been a failure of a camera in planetary exploration, the flyby targeting selection is based upon expected Navigation accuracy achieved using the Navigation Camera.  Section 6 describes the contingency plan for the use of the Star Ca
meras for completeness.  Table 3
 lists the expected Navigation flyby control accuracy as a function of time relative to Wild 2 encounter.





5
.3  Spacecraft Constraints



In selecting the flyby distance, the spacecraft will impose a few constraints which will have to be considered.  First, the camera mirror has a maximum slew rate of 3.1 deg/s which will not be sufficient to track the nucleus for flyby distances which are less than 112 km at the current nominal flyby speed of 6.2 km/s.  If a smaller distance is selected for particle collection or results from flyby control errors, images nearest to encounter may not include the nucleus.   Also, the camera / mirror combination can only track the





 
Table 3
.  Expected Navigation flyby control accuracy







TIME FROM WILD 2 FLYBY�EXPECTED 1
s
 FLYBY CONTROL ACCURACY��Radiometric + Nav Camera to W-2d�             35 km (?)��Radiometric + Nav Camera to W-6h�               8 km (?)��Radiometric + Nav Camera Post flyby�               2 km (?)��Radiometric + Star Camera to W-2d�           250 km (?)��Radiometric + Star Camera to W-6h�             60 km (?)��Radiometric + Star Camera Post Flyby�             20 km (?)��
nucleus if the flyby is on the solar illuminated side of the nucleus.  Finally, the
 
spacecraft cannot be placed at risk by penetrating too deeply into the coma where the probability of particle hits would penetrate the Whipple shield or knock the spacecraft outside of its safe attitude limits (+/- 2 deg
 from RAM
).




6
.0  CONTINGENCY PLAN




As indicated in Table 2
, there will be a 150% uncertainty in the comet dust flux model at the time the flyby targeting decision is made to support the maneuver at W-2d.  There will be a small probability that the trim maneuver at W-6h may have to be used as contingency for spacecraft safety or particle collection reasons.  The trim maneuver at W-6h is nominally expected to shift the flyby 
distance at the 10’s of kilometers
, but if required
,
 could accommodate a change of hundreds of km. The same process described in Section 3.0 would be applied to defining the maneuver at W-6h.



In the event of Navigation Camera failure, the Star Cameras would be used to provide the images needed for optical navigation. The spacecraft attitude would have to be maneuvered to obtain Wild 2 images using the Star Cameras, therefore no more than 2 images would be taken daily.  Because of the difference in sensitivity, the Star Camera images would start at W-30d rather than W-100d.  The Star Camera do
es not have 
filters that can
 separate 
the dust 
scattered light 
continuum from gas emissions
; t
herefore dust flux modeling would 
be 
unreliable 
meaning that the flyby distance selection would be made with a 300 % uncertainty in dust flux.  Star Camera images would stop at W-12h, outside of the coma for spacecraft safety considerations; therefore the nucleus tracking imaging sequence during flyby would not be performed.  Since there is a factor of 7 decrease in navigation accuracy using the Star Cameras and a 300 % dust flux uncertainty, the flyby distance would be constrained to be greater than 250 km for spacecraft safety considerations.  After flyby when outside of the Wild 2 coma, departure Star Camera images would be taken once / day for 1 week for use by navigation to reconstruct the flyby trajectory.
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