


Ceres — A Unique Asteroid

(~475 km radius) ,
There are no meteorites the

Surface temperature > 200K are linked to Ceres

Hydrostatic shape
Only telescopic data are

_ available to understand Ceres’

Density: 2088 kg/m3 composition

No craters > 100 km

Ceres is the third solar system object after Earth and
Mars, on which carbonates have been observed.




Planning Constraints

Loss of second reaction wheel at the end of the Vesta mission

— Resulted in the need for a plan that could achieve the science objectives
using only jet control (hydrazine reaction control system)

— Hybrid control using jets with remaining two wheels will be used to extend
operational lifetime

— Hydrazine and jet pulses became the limiting consumable

Hydrazine conservation is key to maximizing science return

— Studied and implemented hydrazine conservation measures resulting in
increase in hydrazine available for science operations

* Reduced number of turns, slower turns
« Pointing control deadbands tuned for observing conditions

— Performed analyses and simulations to ensure efficient safe operation under
hybrid control
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Ceres Planning Status

Concept study completed in December

— Demonstrated a viable Ceres mission concept that met L1 Requirements
within initial first-order hydrazine constraints

Science Orbit Requirements completed
— Includes Survey, High-Altitude and Low-Altitude orbits similar to Vesta

— Low-Altitude Mapping Orbit (LAMO) has equivalent geometry in terms of solid
angle to Vesta

— Detailed navigation studies are underway

Science Plan is being elaborated

— Initial draft of activity-level time-ordered listing have been generated
consistent with the L1 requirements, science objectives and higher-fidelity
hydrazine constraints
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Ceres Science Plan Overview

mm

Approach OpNavs (9) FC & VIR
163,000 km 15 km RC1FC & VIR (pole & spin rate)
80,000 km 7.4km RC2FC & VIR (pole & spin rate)
< 50,000 km n/a FC Satellite search
RC3 14,028 km 1,262 m Three full rotations (north, equator, south) FC &
VIR
FC High Phase observations (2 rotations)
Survey 4725 km 395 m VIR 80% Global coverage nadir

FC Global coverage clear + 7 filters nadir
FC Limb observations (3)

HAMO 1950 km 136 m FC Global clear nadir + 4 off-nadir global maps
FC Global color coverage (minimum 3 filters)
VIR Low resolution L1 requirement

LAMO 841 km 33 m GRaND 75% nadir duty cycle
Gravity HGA + LGA coverage
VIR High resolution L1 requirement
FC Global coverage for chronology
ltems in blue are not yet in plan pending detailed hydrazine estimates

*Orbit radius will shift based on gravity model and technique used to develop the trajectory
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Proposed Ceres Mission Timeline

Proposed Ceres Science Mission
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Ceres Lighting Conditions

Lighting conditions will not drive the Ceres operations timeline as it
did at Vesta

RC3 Survey HAMO LAMO

SSlLat=-39deg SSlat=-3.7deg SSlat=-3.2deg SSLlat=-1.8deg
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RC3 Attitude Profile

Generic example without
details of thrust end

RC3n
High Phase N

RC3e
High Phase S
RC3s
HGA-to-Earth
1.6d " Playback and idle time Ephemeris Update
osd [ NN e
45d Playback and idle time Ephemeris Update
244 =
4.4d Playback
o5 ¢ I .-
1.3d Playback
Current timeline example for thrust end prior to RC3s o5 I oo
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FC2 Full Field of View

ACN ahead+0,cross+4

FC2 Full Field of View
|

|
ACN ahead+0,cross-4

Satellite Search 2: Mar 28 22:00 — Mar 29 01:00 and Mar 29 03:00 — 06:00 (around OpNav 8)
Duration: Two 3 hr observations

Range:  46x103 km
FC2:
VIR: None

Each obs has 3 image stations with 4 sets of 16 images per station (384 images)

Pointing: FC2 pointed at two different explicit offsets from Ceres offsets



Global VIR coverage achieved with
resolution of ~1200 km
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Survey VIR Incidence Angle

BLUE =65
RED 35-65

YELLOW 0-35 Mercator map vs incidence angle
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FC2 Limb Imaging Opportunity
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eo Coverage Usable SPC coverage

Coverage estimates include all 5 cycles
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Coverage reported is <20% (not
including smear)

Results for the preliminary design
with 8 sec repetition time

C1: Purple
C2: Cyan
C3: Green
C4: Orange
C5: Blue

VIR Team simulation
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phasing orbit

—  Segment: 12 orbits imaging, 3 orbits for OMM or nadir, 5 orbits for playback,

LAMO Orbit Repeat Cycles

« Each cycle is 101 orbits divided into five 20-orbit segments plus one‘

— Playback passes every 4.5 days for 1.1 day in duration

| 4.5 days

| 4.5 days

| 1.1 daysl
Longitude Repeat 1 (93 orbits)

| 1.1 daysI

| 1.1 daysl

| 1.1 days

Cycle

LAMO Cycle 1

Attitude | 1 2 3 4 5 6 7 8 9 10 1 12|13 M 15- 21 22 23 24 25 26 27 28 29 30 31 32

3 zs- 41 42 43 44 45 46 47 48 49 50 51

52- 61 62 63

72| 73 74 15- 81 8 83 84 85 8 87 88 8 90 91 szJ

Longitude Repeat 2 (93 orbits)

Cycle y
Attitude 102 103 104 105 106 107 108 109 110 111 112 113|114 115 116- 122 123 124 125 126 127 128 129 130 131 132 133

Longitude Repeat 3 (93 orbits)

LAMO Cycle 2

134 135 136- 142 143 144 145 146 147 148 149 150 151 152 153- 162 163 164 165 166 167 168 169 170 171 172 173|174 175 176 182 183 184 185 186

LAMO Cycle 2

Cycle

Attitude |187 188 189 150 191 192 193

Longitude Repeat 4 (93 orbits)

LAMO Cycle 3

214 215 216 111- 223 224 225 226 227 228 229 230 231 232 233 2:

235 236 237- 203 244 245 246 247 248 243 250 251 252 253 2

274|275 276 zni

LAMO Cycle 4

LAMO Cycle 3
Cycle y
Attltude 283 284 285 286 287 288 289 290 291 292 293 294 304 305 306 307 308 309 310 311 312 313 314 315

316 317 3u- 324 325 326 327 328 329

Longitude Repeat 5 (32 orbits)

LAMO Cycle 4
Cycle
Attltude 373 374 375|376 377 37l- 384 385 386 387 388 389 390 391 392 393 394 395

Nadir
imaging

330 331 332 333 334 335(336 337 z;a- 344 345 346 347

348 349 350 351 352 353 354 355- 364 365 366 367 368 369 370 371 372

Nadi
'adlr' -—- IPhaSing orbit
non-imaging
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FC LAMO Observations

Cycles 1 and 2 combined
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Longitude repeats in 93 orbits and the cycle would include 101 orbits (93/101)
- Each cycle would be composed of 5 segments each containing 20 orbits
- 12 imaging orbits, 3 non-imaging orbits, and 5 playback orbits (12-3-5)

- ~25 hr playback passes occur every 4.5 days

Nadir imaging: 3:00 m:ss cadence in north and south, 2:20 m:ss at equator
- Images compressed at 3.6:1 will fit into FC internal memory and playback
- 61 images per orbit initially
- 3,660 images/cycle for a total of 14,640 images for 4-cycle LAMO

Images acquired during turns from nadir to Earth could improve the topography
model over part of the surface at no additional hydrazine cost
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Ceres Hydrazine Budget

Post-Vesta ~30 kg of hydrazine
available to complete the
mission

Contingency

— Project holds 5 kg as
contingency to cover potential
safe mode entries

— Anticipate ~5 kg to get to
Ceres

— Leaving ~20 kg available to
accomplish the Ceres mission
Cruise to Ceres

- Ny

Estimates continue to be refined
and uncertainty will be reduced
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Summary

Initial plan for the Ceres science mission that achieves the science
objectives and Level-1 Requirements has been completed

— Mission plan is similar to Vesta
— Lighting conditions will be nearly constant during encounter

The hydrazine budget is limiting resource

— Work is continuing to identify areas for additional hydrazine savings and to
refine estimates of uncertainty

Budget beyond FY15 is still uncertain
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