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Saturn 31 Legacy

Segment Overview and Final Products

— K. Cloutier dience Dbsring s Sequonce Team 3 10/02/2017 —



Segment Summary

Saturn 31 Legacy

* Saturn 31 is a short Prime Mission segment, covering 2.5 days outbound from periapse.
The spacecraft viewed Saturn from high sub-spacecraft latitudes and high phase angles.

* Saturn science in this segment includes a VIMS thermal cylindrical map, 1SS Saturn WAC
Photopolarimetry 160 deg phase mosaic, and a UVIS EUV/FUV imaging observation.

* Other observations in this segment include an Enceladus volatile observation and a VIMS
stellar calibration.
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Final Sequenced SPASS

Saturn 31 Legacy

Request Riders Start (SCET) Start (Epoch) Duration End Primary Secondary Comments
SATURN rev 31 Segment 2006-302T10:42:00 002T07:15:00 |2006-304T717:57:00
SP_031SA_WAYPTTURN302_PRIME 2006-302T10:42:00 000T00:30:00 [2006-302T11:12:00 |ISS_NAC to Saturn NEG_Z to NSP

NEW WAYPOINT

2006-302T11:12:00

001T07:15:00

2006-303T18:27:00

ISS_NAC to Saturn

NEG_Z to NSP

VIMS_031SA_THRCYLMAP0O2_PRIME |C, U 2006-302T711:12:00 000T11:00:00 |2006-302T22:12:00 |ISS_NAC to Saturn NEG_Z to NSP
ISS_031SA_1X2WPH161001 PRIME |U,V 2006-302T722:12:00 000T10:15:00 | 2006-303T08:27:00 |ISS_NAC to Saturn NEG_X to Sun
SP_031EA_DLTURN303_PRIME 2006-303T08:27:00 000T00:30:00 |2006-303T08:57:00 | XBAND to Earth POS_X to NEP
SP_031EA_G70METNON303_PRIME |C, E 2006-303T08:57:00 000T09:00:00 |2006-303T17:57:00 | XBAND to Earth 5_Hr_Rolling

SP_031SA_WAYPTTURN303_PRIME 2006-303T17:57:00 000T00:30:00 | 2006-303718:27:00 |ISS_NAC to Saturn NEG_X to NSP

NEW WAYPOINT

UVIS_031SA_EUVFUV003_PRIME

2006-303T18:27:00
2006-303T18:27:00

001T00:00:00
000T11:00:00

2006-304T18:27:00
2006-304T05:27:00

ISS_NAC to Saturn
UVIS_FUV to Saturn

NEG_X to NSP
NEG_X to NSP

UVIS_031EN_ICYATMOO05_PRIME

2006-304T05:27:00

000T01:30:00

2006-304T06:57:00

UVIS_FUV to Enceladus

NEG_Z to NSP

VIMS_031ST_RCARCALOO01_PRIME C 2006-304T06:57:00 000T01:30:00 |2006-304T08:27:00 |VIMS_IR to 143.061/-62.789 |NEG_X to Sun
SP_031EA_DLTURN304_PRIME 2006-304T708:27:00 000T00:30:00 {2006-304T08:57:00 (XBAND to Earth POS_X to NEP
SP_031EA_G70METNON304_PRIME |C 2006-304T708:57:00 000T09:00:00 |2006-304T17:57:00 | XBAND to Earth Rolling
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Final Sequenced SMT and Data Volume

Saturn 31 Legacy

DATA VOLUME SUMMARY —--- TRANSFER FRAME OVERHEAD INCLUDED (B@ BITS PER BBOB-BIT FRAME)

| OBSERVATIOMN_PERIOD | DOWNLIME_PASS
| | |
[ e |
| P4 | P5 | RECORDED | PLAYBACK |
| | | | |
[-————— e E— e — [ |
Start End | START S5CI HK+E TOTAL CPACTY MRGM | OPMAV | 5CI EMNGR | TOTAL CPACTY MARGMN MET_MARGN CAROVR|
DOWNLINK PASS NAME doy hh:mm doy hh:mm| (Mb)  (Mb) (Mb) ({Mb) {(Mb) (Mb) | (Mb) | {(Mb) (Mb) | (Mb} (Mb) (Mb) (Mb) (%) (Mb) |
__________________________________________________________________________________________________________________________________________________ |
SP_B31EA_GV@METMNOM3@3_PRIME 383 @E:57 2171 1171 76 3417 3514 897 a 258 53 3738 3B4B 117 2281 11% a2 |
SP_B31EA_G7OMETNON3®4_PRIME 384 BB:57 384 17:57 @ 1381 51 1432 3514 2083 ) 258 53 1744 3862 2117 4787  26% B |
_____________________________________________________________________________________________________________________________________________________ |
DATA VOLUME REPORT --- TRAWSFER FRAME OVERHEAD NOT IMWCLUDED
Start End CAPS CDA CIRS INMS IS5 MAG MIMI RADAR RPWS VIS VIMS PROBE EMGR  TOTAL
Event doy hh:mm doy hh:mm (Mb) (Mb) (Mb) {Mb) {(Mb) {(Mb) (Mb) (Mb) (Mb) (Mb) (Mb) (Mb) (Mb) (Mb)
OBSERVATION_MOR 382 10:42 383 BB:57 8a.1 27.4 79.2 4.8 300.9 39.86 72.1 8.8 185.4 42.2 418.89 8.8 8.8 1168.8
S5P_B@31EA_GYOMETMONZ@3Z_PRIME 383 @8:57 383 17:57 32.4 14.5 B6.4 1.6 8.8 19.4 43.7 8.a 5B8.8 8.8 8.8 8.8 8.8 256.9
DAILY TOTAL SCIENCE 302 10:42 383 17:57 112.5 41.9 165.6 5.6 308.8 59.8 115.8 8.8 164.2 42.2 418.89 8.8
OBSERVATIOMN_MNOR 383 17:57 384 BB:57 162.8 24.2 2B1.6 2.7 Z4B.8 32.4 72.8 B.8 BE.8 2B4.7 321.7 B.@ B.@ 1368.1
S5P_B31EA_GV@METMOMZ@4_PRIME 384 @EB:57 384 17:57 32.4 14.5 Bb.4 1.6 a.8 19.4 43.7 B.@ 5B.B B.@ B.a B.a 8.8 256.89
DAILY TOTAL SCIEMNCE 383 17:57 384 17:57 154.4 38.7 2BB.0Q 4.3 248.09 51.8 116.6 8.8 156.8 284.7 321.7 8.8
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Segmen

t Geometry

Saturn 31 Legacy

Rev D3l CUFBOUND

2006 - 302Ti0:dZ:00 SCET
2006 OCT 29 10:42:00 BCET
Segment Start: 2006-302T10:42
Apoapse_ 031 + 009T12:24:52 - .
periapse 031 + D01T10:31:53
Light tima: 78.4 min
orbit perdod: 12.0 days
Radins 938598 km 15.57 Rs
Rad_cyl 555922 km 3.22 Ra
E_ht oyl  TEEEEZ hm 12.55 Ra
Mag L 44.39
!emi_axs 1010087 km 16.76 Re
Ecceutlicity 0.722
Inelination 54.35 deg
Sun_range 5.17 AT
Barth _range o.42 AU
-— DSN ELEV — /L — UW/L —————
Goldetona d4.z 1z.5
Canberra -45.4 -63.1
Madrid 26.8 54.6
—————— DIRECTION INFD ——————— S - -
egment End: 2006-304T17:57
RA —B4. 445 deg g - -
DEC -50.295 dag
Crogeag RF_P 0.000 Rg
EEFS 5.318 d&g *
SEF Tz.117 d.eg Rev 031 QUTBOUND
A A . A ~ - B3 bfs angle 9.3 deg 2006 — 304¥17:57:00 SCET
Point  NEG_Y < at SATURN v andalign  NEG_Z = Up & with  NSP = RE rad angle 128.1 deg 2006 CCT 31 17:57:00 SCET
2006 CCT 31 19:15:07 ERT
User vector - RA:  +81.514 TiltL up Tilt R ZoomOut | ¥ | Llabels v Axes Year (4 | [« » | Hour Apoapae_ 031 + 01171923952
periapee_031 + D03T17:45:53
DEC:  -17.304 Left Reset Right Fill Screen Orbits [+ Vectors |~ Month | « b | [ 4 » | Minute Light time:  78.1 min
crbit perdods 12.0 daya
Paste Current RA/DEC v Image  Down ! HiRes Zoom In v FOVs v Lat/lons Day | 4 » ||« p|Second Badlus 1553145 kn 25.54 Be
Rad_cyl 1230435 lm i0.42 Re
E_ht oyl 364084 Jam 16.00 Re
Turn analyzer: SATURN % to  EARTH & about Z < on | RWA ¢ = 7.0 min | 54.2 deg Event | - bl Mag L 41.86
semiiaxs 1010230 km 16.76 Re
S/C  SAT RANGE ___ALTITUDE____ FPHASE ANGLR DIAMETER SUB_ 8/C  ALOX VREL Z_HGHT __ ANGLE___ FROM_ Eccentricity 0.722
DOD¥ OCCP OCCE [k [Re] [ kem] [Ra] [deg] [deq mrad] LON LAT [dag) (kmf2) (¥m) SLTHN EARTH  RAM Tl 54.37 deg
Sun_range 5.17 AT
SATURK —_- - 938538  15.57 882110 14.64 130.7 7.36 128.51 233 54 a 6.6 a 0.0 54.2 154.7 Earth range o339 AU
MINAS —_- - 924605  15.34 924412 15.34  137.% 0.03 0.45 BT 54 5 10.4 4156 11.6 46.2 143.8 ——— DSN ELEV — D/L — U/L ——————
ENCELADUS = —  — B2Z5076  13.69 B2Z4BZE 13.65  125.1 0.04 p.62 161 66 13 a.6 -34 13.6 53.7 143.7 T —— 5.4 5E.7
TETHYS — BIDZ2 1437 BEOEOE 14.76  11z.4 0.07 1.21 288 =B 58 13.8 5533 18.3 72.5 158.0 (ol 33.1 5.5
— 1184038 19,65 1183477 1o.64 lap.z D.05 D.95 345 4p  -1ss 16.0 a1 15.8 55.5 186.2 Madrid _35.n —23.0
— T8dElz  13.02 TEI8dS 13.01 8.0 0.11 1.5 2716 T -23 d.4 3137 34.2 a4.8 137.7 —— IDOK DIRECTION INED
— 1836267  31.456 1883697 31.dz  126.3 0.16 2.7z 3531 =z 156 11.7 —67a4d 32.5 53.6 163.3 11.0 deg 192.7 mrad
— 1z73d1s  21.13 1273266 21.13 52.0 0.0l 0.26 =20l 22 -17 6.3 29273 43.a 124.3 aj.0 RA —43.305 deg
- 3510887 59,91 3510141 53.50 139.1 0.0z 0.41 15 s a3 5.0 -175655 73.3 35.8 ad.1 LEC —-35.055 dag
—  — 14009788 232.46 14009676 232.46  104.8 0.00 p.02 214 -22 L] 3.0 3670973 111.4 63.8  45.5 Crosses BF B 0.000 Ra
EF3 5.378 deg *
SATURN - = 938598 15.57 BB2110 14.64 lao.7 T.36 128.51 233 54 0 6.8 0 0.0 54.2 1s54.7 HEF 74.261 deg
~ - ) < = . GBS bfs angle 22.8 deg
Peint  NEGY & at | SATURN < andalign MNEG_Z S = Up < with  NSP S ©OBS rad angle 50.6 deg
User vector - RA:  +81.514 Tilt L Up Tilt R ZoomOut |/ | Labels ¥ Axes Year (@ | [ 4 | Hour
DEC:  -17.304 Left Reset Right Fill Sereen Orbits /| Vectors  Month | 4 b | [« » | Minute
Paste Current RA/DEC + Image Down + HiRes Zoom In 7 FOVs /| Lat/lans Day ‘ 4 » | ‘ 4 » | Second
_ Saturn Rang Phase Angle Turn analyzer: = SATURN % to  EARTH <) about Z <l on | RWA < = 4.8min/ 26.0 deg Event ‘ a » |
a/c sAT RANGE __ALTITUDE___ THASE ANGLR_DIAMETER SUB_S/C  ALO¥  VREL %_HGHT __ ANGLE__ FROM
oocP oocr [km] [Rs] [ km] [Rs] [deg] [deg mrad] LA LAY ([degq) (kmfa) [ km) SATREN EARTH  RAM
Segment Start 15'57 RS 130'7 deg SATURK 1563146 25.04 1505064 24.07 157.1 4.4z TT.13 azo EL] a 3.3 a 0.0 26.0 113.2
HIMAS 1464383 24.30 1464166 24,20 153.2 g0.o02 0.28 23z 41 -42 15.1 —2808 5.3 30.7 120.3
ENCELADUS — 1753282 25.09 1753028 25.09 161.8 g0.o02 0.23 15 i3 183 14.4 14 5.0 21.0 113.3
TETHYS — 1614398 26.79 1613868 26.78 1s55.2 0.04 0.67 290 ar -38 14.3 —1aso lo.s5 23.8 127.2
Segment End 25.94 RS 157.1 deg 38 DIONE — 1447678 24.02 1447117 24.01  149.3 0.04 D.78 255 2 58 11.8 -0 13.7 35.5 125.7
RHEA — 1997318 33.15 1997151 33.14 165.7 0.04 0.77 ELTY 187 11.2 —3234 9.8 13.7 125.7
TITAN — 2599770 43.14 2597195 43.09 171.5 0.11 1.98 ELTY -170 d.4 -1213 1l8.7 14.0 130.0
HYPERION — 103lsiz 17.12 103ligs 17.11 D.D2 0.3z als -14 5.2 11505 a5.8 al.3 3.0
IAPETUS — dz82654 71.06 dzslaoT 71.08 D.D2 0.35 21 117 3.7 2233 43.3 4.z d3.5
PHOEBE — — 14556820 241.53 14556707 241.53 000 0.0z 203 -z21 1oa 4.2 3533743 74.3 ad.7 6.2
SATURR _ _ 1563146 25.94 1505064 .97 1s57.1 4.4z Tr.l3 3zo EL] a 3.3 a 0.0 268.0 1ld.2
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Solar Geometry — ORS Boresight Concerns

Saturn 31 Legacy

No ORS Boresight Solar Constraints on Science Pointing.
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Daily Science Highlights

Saturn 31 Legacy

Saturn science in this segment included a VIMS thermal cylindrical map, 1SS Saturn WAC
Photopolarimetry 160 deg phase mosaic, and a UVIS EUV/FUV imaging observation. Other
observations in this segment included an Enceladus volatile observation and a VIMS stellar
calibration.

UVIS 031 EN_ICYATMO005 PRIME: Mapped volatiles in system in immediate neighborhood
of satellite. Observations targeted to Enceladus were to test connection of volatile changes to
plume eruptions.
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Saturn 31 Legacy

Segment Integration Planning
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Timeline Gaps and Suggested Observations

Saturn 31 Legacy

11

Request Start Dur End Original Request Start
SP Turn 302T7T10:42 | 0:30 | 302T11:12
VIMS 302711:12 | 10:00 | 302T22:12
UVIS_031RI_IMPACTO00S_PRIME 302722:12 | 6:00 | 303T04:12 | 302T23:46
ISS_0315A_1X2WP160B00<X>_PRIME | 303T04:12 | 4:25 | 303T08:27 | 303T705:12; 4 pickets
SP Turn 303T08:27 | 0:30 | 303T08:57
Gold HEF 303T08:57 | 9:00 | 303T17:57
SP Turn 303T17:57 | 0:30 | 303T118:27
UVIS_0315A_EUVFUV0O03_PRIME 303T18:27 | 11:00 | 304T05:27
UVIS_031RI_IMPACTO004_PRIME 304T05:27 | 3:00 | 304T08:27 | 303T23:46; Dur was 6:00
SP Turn 304T08:27 | 0:30 | 304T08:57
Gold HEF 304T08:57 | 9:00 | 304T17:57
Periapse = 2006-301T00:14:56 (4.7 Rs)
Segment = 2006-302T10:42 to 2006-304T17:57 (Peri+1T10:27:04 to
Peri+3T16:42:04)
Geometry Info
SCET Range Saturn Phase
2006-302T10:42 16.6 Rs 130°
2006-303T14:20 229 Rs 147°
2006-304T17:57 26.9 Rs 157°
— K. Cloutier . o 10/02/2017 —



Initial SMT and Data Volume Satun 31 Legacy

Beginning of Integration:
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Waypoint Selection

Saturn 31 Legacy

FR-Safe Waypoint Options
— NAC to Saturn, -Z to NSP
— NAC to Saturn, -X to NSP

UVIS to pick waypoint attitude for DOY 303 (-Z to NSP or —X to NSP are both safe)
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Waypoints Chosen

Saturn 31 Legacy

Waypoint 1 (2006-302T11:12 — 303T18:27):
NAC to Saturn, NEG_Z to NSP

v

Waypoint 2 (2006-303T18:27 — 304T18:27):
NAC to Saturn, NEG_X to NSP

v
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Notes & Liens

Saturn 31 Legacy

* Pointing
— All waypoints have been verified as being Flight Rule-safe.

— All SP turns have been allocated sufficient time and are Flight-Rule safe.

— IS5 (B. West) elected to forgo analyzing the turns for ISS_0315A_1X2WPH161001_PRIME and
agreed to accommodate any surprises or problems wrt turn duration and/or FR violations out of the
time allocated to the request.

* Data Volume

— Noissues. Carryover 1686 Mb from Gold HEF on DOY 303 to Gold 70-m on DOY 304. Gold 70-m
pass still has 7% margin.

* CIMS
— All of the expected requests for this delivery are approved in CIMS.
* OpModes

— All OpMode transitions are in the CIMS delivery. No issues at this time.

* Flight Rule / Mission Planning Guideline & Constraint Issues

— None known at this time.

* DSN
— No DSN schedule conflicts. NAV & MP approve of DSN plan
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