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Saturn 250 Legacy

Segment Overview and Final Products
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Segment Summary

Saturn 250 Legacy

*Saturn 250 was a short apoapse segment (apoapse range of 21.91 R¢) and the start of the
S97 sequence, a week before the F-Ring orbits begin. The segment started ~2 hours before
apokrone and ended ~ 3 days later.

*The preceding Saturn 249 segment was an adjoining segment, separated by the S97
sequence boundary.

*Saturn science included CIRS Mid-IR mapping, UVIS EUV/FUV, and VIMS mapping of the
north pole.

*Notable out-of-discipline activities included a MAG calibration roll and an ISS look at small
icy satellites.

°In order to improve the overall segment data volume schedule, the 70M DSN allocation was
moved to the end of the segment. Implementing this change, no other data volume issues
were found.

°*An RSS Occultation ORT was performed during the DOY 329 and 330 passes, which
required the use of RSSK RWA-Fast opmode during these passes

— Martin Brennan dience Dbsring s Sequonce Team 4 10/25/2017 —



Final Sequenced SPASS

Gapr4

Gapﬁ

Request Riders |StartdSCET) Duration End Primary Secondary Comments
Sequence®97,dengthEZT 2@ays 2016-328T05:43:00 |{072701:22:00 [2017-034T07:05:00
SATURN_250Begment 2016-328T705:43:00 |/003T00:00:00 2016-331T705:43:00
SP_249EA_S97IVP328_PRIME 2016-328T05:43:00 ||000T00:06:00 |2016-328705:49:00 |XBANDRoarth NEG_YRoR52.0/-29.0 [S97@VPEap
SP_249SA_WAYPTTURN328_PRIME 2016-328707:19:00 ||000T00:40:00 [2016-328T707:59:00 [ISS_NACRoBaturn NEG_X&oBun

EWAYPO 016-328707:59:00 00 4:00 016-329719:13:00 ACRoBa ®oB
CIRS_249SA_MIRMAPO01_PRIME Vv 2016-328T07:59:00 |/000T22:00:00 [2016-329T05:59:00 |[CIRS_FP3@&oBaturn POS_Z@&oNSP
ApoapsefPerZ®B.0&,AncE... 2016-328T708:16:38 |{000T00:00:01 [2016-328T08:16:39
ISS_2500T_SUTSUP047_PRIME 2016-329T05:59:00 ||000T04:11:00 |2016-329T10:10:00 |[UVIS_FUV@&o@Rocks NEG_XZoBun

0SA 001_PR ] 016-329T710:10:00 000T08:23:00 016-329T18:33:00 RoBa Ro®

SP_250EA_DLTURN329_PRIME 2016-329718:33:00 ||000T00:40:00 |2016-329719:13:00 |XBANDRoEarth NEG_YRoR50.6/-33.6

AVAYPO 016-329T719:13:00 000 0:00 016-330T06:23:00 BAND®o¥a ®oF50.6 6

MIMI.NEG_YRoBaturnd0,0,-9.5).SRU.

SP_250EA_C34BWGNON329_PRIME |CR 2016-329T20:48:00 ||000T08:55:00 [2016-330T05:43:00 [XBAND®Ro@Earth NEG_YRof50.6/-33.6 [Removed®Rolling
SP_250SA_WAYPTTURN330_PRIME 2016-330T05:43:00 ||000T00:40:00 [2016-330T06:23:00 [ISS_NACRoBaturn POS_Z@&oNSP
NEWEBVAYPOINT 2016-330T06:23:00 : 2016-330T19:13:00  ISS_NACHEoBaturn POS_Z@oNSP
MAG_250SU_CALROLLO01_PRIME U 2016-3307T06:23:00 ||000T09:00:00 |2016-330T15:23:00 |NEG_X&oEarth{0.0,0.0,-30.0&leg.Bffset) Rolling
VIMS_250SA_NPOLEMAPO001_PRIME |C,3,2 2016-330T15:23:00 ||000T03:10:00 [2016-330718:33:00 [ISS_NACRoBaturn POS_Z@o[NSP
SP_250EA_DLTURN330_PRIME 2016-330T18:33:00 ||000T00:40:00 [2016-330T19:13:00 [XBANDRoEarth NEG_Y®RoR49.0/-35.0

EWAYPO 016-330T19:13:00 000 0:00 016 06:23:00 BAND®olEa ®o[49.0 0

MIMI.NEG_Y®oBaturni0,0,-9.5).SRU.

SP_250EA_C70METNON330_PRIME |[CR 2016-330722:43:00 ||000T07:00:00 |2016-331T05:43:00 |XBANDRoEarth NEG_YRo™49.0/-35.0 |pre-SOSTHlyby.

— Martin Brennan
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Final Sequenced SMT and Data Volume

Saturn 250 Legacy

DATA VOLUME SUMMARY --- TRANSFER FRAME OVERHEAD INCLUDED (80 BITS PER 8800-BIT FRAME)
_____________________________________________________________________________________________________________________________________________________ |
| OBSERVATION_ PERIOD | DOWNLINK_PASS |
| \ |
| o !
| P4 | P5 |  RECORDED | PLAYBACK |
| \ \ I |
| = R | —mmmmmm oo | !
Start End | START SCI HK+E TOTAL CPACTY MRGN | OPNAV | SCI ENGR | TOTAL CPACTY MARGN NET_ MARGN CAROVR |
DOWNLINK PASS NAME doy hh:mm doy hh:mm| (Mb)  (Mo) (Mb) (Mb)  (Mb) (Mb) | (Mb) | (Mb) (Mb) | (Mb)  (Mb)  (Mb) (Mb) (%)  (Mb) |
_____________________________________________________________________________________________________________________________________________________ |
SP_250EA_C34BWGNON329 PRIME 329 20:48 330 05:43 0 1758 165 1923 3322 1399 0 185 53 2161 553 -1608 0 0% 1608
SP_250EA_C70METNON330 PRIME 330 22:43 331 05:43 1608 613 72 2293 3322 1029 0 165 41 2499 2310 -190 0 0% 189 |
_____________________________________________________________________________________________________________________________________________________ |
DATA VOLUME REPORT --- TRANSFER FRAME OVERHEAD NOT INCLUDED
Start End CAPS CDA CIRS INMS 1SS MAG MIMI RADAR RPWS UVIS VIMS PRORBE ENGR TOTAL
Event doy hh:mm doy hh:mm  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mo)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)
OBSERVATION NOR 328 05:43 329 20:48 0.0 73.7 377.2 28.4 135.0 69.5 119.6 0.0 126.6 151.9 660.0 0.0 163.3 1905.3
SP_250EA_C34BWGNON329 PRIME 329 20:48 330 05:43 0.0 16.8 86.4 3.2 0.0 15.9 27.3 0.0 28.9 4.9 0.0 0.0 0.0 183.4
DATLY TOTAL SCIENCE 328 05:43 330 05:43 0.0 90.5 463.6 31.7 135.0 85.4 146.9 0.0 155.5 156.8 660.0 0.0 163.3
OBSERVATION NOR 330 05:43 330 22:43 0.0 32.1 33.6 6.1 150.0 30.2 52.0 0.0 80.1 63.4 160.0 0.0 71.0 678.6
SP_250EA_C70METNON330 PRIME 330 22:43 331 05:43 0.0 13.2 75.6 4.4 0.0 12.4 21.4 0.0 32.8 3.8 0.0 0.0 0.0 163.7
DATLY TOTAL SCIENCE 330 05:43 331 05:43 0.0 45.3 109.2 10.6 150.0 42.7 73.4 0.0 112.9 67.2 160.0 0.0 71.0
—— Martin Brennan . o 6 10/25/2017 —



Segment Geometry

Saturn 250 Legacy

Eev 250 INEOUND

2016 - 328T02:16:39 SCET
2016 KOV 23 08:16:39 SCET
201 NOT 23 09:48:07 ERT

e, &= Apoapse (Left)

Light time: 91.5 min

Orbit period: 8.0 days

Radius 1320351 km 21.91 Rs
Bad_cyl 1283682 I 21.30 Es
2 ht eyl 309011 kn 5.13 Fs
Hag_L 23.18

Semi_axs 769354 km 12.77 Fs

Eccentricity  0.716
Inclination  61.36 deg
Sun_range 10.05 &1

Earth_range  11.00 AU
=== DSN ELEY —— D/L == U/L ————e——e e n e OW
Goldstame  -69.6 612
Canberra 2.9 387
Hadrid 12.4 -18.3
—-————- LOOK DIRECTION INFQ —---—m
FOT 12.1 deg 228 .1 mrad Rev 250 INBOUND
Ea 112.584 deg 2016 - 3317T05:43:00 SCET
DES -15.619 deg 2016 NOT 26 05:43:00 SCET
Crosses RE_@  0.000 Rs 2016 WOV 26 07:14:31 ERT
EPS 1.501 deg apoapse_ 250 + 002T21:26:21
SE; b ) éi:sg deg Periapse_250 - 001T02:11:00
. - r - ~) - Hii o Gl Light time:  91.5 min
Point | NEG.Y & at | SATURN 2| andalign | POSX &= | Up | with | NSP C ORS rad angle 2.2 deg * o e A e
— — Fadivs 772415 kn 12.82 Fs
Uservector - R +162.607 Tilt L Up TitR Zoom Out | [¥] (] Labels ] Axes Year |4 | | 4 B | Hour Rad_oyl 505439 km 3.29 Re
- ) — — . Z_ht oyl 584086 km 9.69 Rs
DEC: £3.717 Left Reset Right Fill Screen Orbits [¥] Vectors Month | 4 » | \ 4 » | Minute tag L 23.93
Paste Current RA/DEC 7l lmage = Down 7| HiRes Zoom In 7| FOVs 4! Latlons Day [« » | [« » | second :i::;:‘:;it;s”gz ’7";‘6 RS
Inclination  61.35 deg
Turn analyzer: | SATURN ¢ to  EARTH <) about | Z ¢ on | AWA ¢ = 6.8min/51.8 deg event [« b | Sun_range 10.04 AU
— Earth_range  11.00 &U
S/C SaT FANGE, __ALTITUDE____ PHASE ANGLE_DTAMETER SUB_S/C  4LON  VEREL Z_HGHT — __ AWGLE__ FROM___ ~—— DSK ELEY —- D/L == U/L =mmmmmmm
BODY occ? acer | () (Fe) k) (F)  (dew) (deg  mrad) LOF LAT (deg) (km/s) (kn)  SATRN EAFTH EAH Goldstone -68.4 -32.4
Canberra 306 66.9
SATURN — 1320351 21.91 1260334 2091 123.2  5.23 91.32 243 14 0z 0 0.0 5.8 0.0 Madrid -11.0 -45.5
MIAS - - 1317962 21.87 1317765 21.87 123.7 0.0z 0.31 a8 13 85 14.8 -3924 8.2 57.5 833 ~ LOOK DIRECTION INFO
ENGELADUS 1507497 25.01 1507243 2501 126.8 0.2 0.3 38 12 141 14.3 18 5.0 544 843 FOv 22.3 deg 389.3 mrad
TETHYS 1130397 18.76 1129863 12.75 120.7 0.05 0.96 127 16 43 1.0 =171 106 60.5 82.7 RA 149.577 deg
DIONE — - 1441961 23.93 1441393 33.92 1193 0.04 0.78 €3 1z 102 11.2 -174 143 614 771 DEC -47.39 deg
FHEA 1599432 26.54 1598668 26,53 118.4  0.05 0.9 St 11 113 9.3 —z121 177 2.8 4.2 Crosses_RP_@  0.000 Rs
TTTAN 2483289 41.19 2479714 41 14 124 4 0.12 2.07 11 7 152 7.4 7731 149 SE8 75z EPS 1.254 deg
HYPERION 2436976 41.43 2496857 4143 1446 0.01 013 93 41 -142 6.8 23676 20z 3.0 102k SEP 12.870 deg
TAPETUS 4660358 77.33 4659611 7731 12008 0.02 0.32 s B 144 5.5 835248  33.1 60.5 57.0 ORS b/s angle 94.4 deg
PHOEEE —  —- 15270511 253.3% 15270400 253.37 1364  0.00 0.02 117 -6 163 2.0 579747 7.6 447 9.8 Point | NEG_Y $ at  SATURN $ andalign | POSX ¢ = Up < with | NSP C| ORS rad angle 53.5 deg *
SATURN — o~ 1320351 21.91 1260334 2091 123.2  5.23  91.32 243 14 0z 0 0.0 5.8 0.0 User vector - RA: | $162.607 TitL Up TitR Zoom Out | () (] tabels () Axes Year [« » | [« > Hour
DEC: +3.717 Left Reset Right Fill Screen Orbits (V| Vectors Month | < » \ \ 4 > \ Minute
Saturn Range Phase Angle Paste Current RA/D! 7limage = Down | (| HiRes Zoom In 7| FOVs 7| Lat/lons Day [« » | [« » | second
Turn analyzer: | SATURN ¢ to | EARTH | about | Z Sl on | RWA ¢! = 10.1 min/95.2 deg Event [ < » |
Segment Sta rt 2190 1304 +13 5/C SAT RANGE, __ALTITUDE___  PHASE ANGLR DIAMETER SUB_S/C ALON  TVREL Z_HGHT  __ ANGLE_  FROM_
BODY 00C? 06C?  (km)  (Fs) (km) (Rs)  (deg) (deg  mrad) LON L&T (deg) (km/s) (k)  SATEN EARTH RAM
SATURN —- 772415 12.82 715470 11.87 855 8.95 156.21 37 49 o 7.0 0 0.0 952 43.6
Apoa pse 21.91 129.2 +14 1mtAs - 793090 13.26 798896  13.26 74.9 0.03  0.52 70 46 92  20.5 -1917  13.5 106.0 34.8
ENCELADUS — 901757 14.96 901505 14.96 81.2  0.03 0.57 38 40 132 19.5 10 13.7 99.8 30.2
TETHYS -~ —= 905657 15.03 905124 15.02 103.0  0.07 1.19 319 40 -117 9.8 -1028 18.1 77.8 53.3
DIONE - 940764 15.61 940202 15.60 72.6  0.07 1.20 39 38 113 16.9 -164 22.8 108.5 25.0
Segment End 12 82 85 5 +49 RHEA. —- 911930 15.13 911166  15.12 112.3  0.10 1.68 317 40 -86 4.3 3228 35.2 68.0 73.1
. . TITAN - - 1681916 27.91 1679341  27.86 67.5  0.18 3.06 16 20 122 12.4 230 44.1 1137 12.9
HYPERION —- 2034064 33.75 2033934  33.75 113.4  0.01 0.16 277 11 -165 9.4 2182 343 677 40
IAPETUS —- 4060892 67.38 4060146  67.37 101.0  0.02 0.37 1 10 163 9.4 704547 52.4 80.1 21.8
PHOEBE —-  —- 14507232 240.71 14507122 240.71 136.3  0.00 0.02 292 -7 -163 6.9 5899223 72.1 44.6 57.7
SATURN — - 772415 12.82 715470 11.87 85.5 8.95 156.21 37 49 o 7.0 0 0.0 952 43.6
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Solar Geometry — ORS Boresight Concerns

Saturn 250 Legacy

No ORS Boresight Solar Constraints on Science Pointing Noted

— Martin Brennan dience Dbsring s Sequonce Team 8 10/25/2017 —



Daily Science Highlights

Saturn 250 Legacy

DOY 328 (23 November 2016): The short Saturn 250 segment began the S97 sequence continuing on from the Saturn 249
segment, separated just by the sequence boundary. CIRS executed a mid-IR map to determine Saturn’s upper troposphere and
tropopause temperature of the northern hemisphere for 2 full rotations of the planet (22hr) with spatial resolution of about two
degrees of latitude and longitude (ISS and VIMS ride along).

DOY 329 (23 November 2016): ISS performed a solo study of the irregular moon Suttungr for 4hr. UVIS then acquired an
EUV/FUV mapping of the planet for over 8.5hr, to study the distribution of hazes and organic compounds high in Saturn’s Northern
hemisphere atmosphere. CIRS and ISS rode along

DOY 330 (23 November 2016): MAG did a 9hr of field calibration rolls by rolling about an axis other than Z for determining sensor
offsets. The segment concluded with a VIMS mosaic mapping of Saturn’s northern pole region followed by a single image
centered on the North Pole. CIRS, ISS, and UVIS rode along.

— Martin Brennan dionce Planming s equonce | eam 9 10/25/2017



Saturn 250 Legacy

Segment Integration Planning

— Martin Brennan dience Dbsring s Sequonce Team 10 10/25/2017 —



Timeline Gaps and Suggested Observations

Saturn 250 Legacy

Gap Start End Duration Phase angle Rs range Sub-S/C Snapshot
(range) Lat. (mid-gap)
1 2016-328T07:59:00 | 2016-329T18:33:00 001T10:34:00 | 129.4° to113.1° 21.91t019.89 | +13to+28
2 2016-330T15:23:00 | 2016-330T18:33:00 000T03:10:00 | 99.8° t097.2° 16.46 to 15.75 | +38to +41
— Martin Brennan - o o 1 10/25/2017 —



Initial SMT and Data Volume

Saturn 250 Legacy

Beginning of Integration:

DATA VOLUME SUMMARY --- TRANSFER FRAME OVERHEAD INCLUDED (80 BITS PER 8800-BIT FRAME)

\
\
\
| P4 | P5 | RECORDED | PLAYBACK
| \ \ I |
| e R | !
Start End | START SCI HK+E TOTAL CPACTY MRGN | OPNAV | SCI ENGR | TOTAL CPACTY MARGN NET MARGN CAROVR|
DOWNLINK PASS NAME doy hh:mm doy hh:mm| (Mb)  (Mo) (Mb) (Mb)  (Mb) (Mb) | (Mb) | (Mb) (Mb) | (Mb)  (Mb)  (Mb) (Mb) (%)  (Mb) |
_____________________________________________________________________________________________________________________________________________________ |
SP_250EA_C34BWGNON329 PRIME 329 20:43 330 05:43 0 1809 165 1974 3322 1348 0 186 53 2213 558 -1656 801  23% 1655
SP_250EA_C70METNON330 PRIME 330 20:43 331 05:43 1655 179 63 1897 3322 1425 0 201 53 2151 2953 801 801 27% 0
_____________________________________________________________________________________________________________________________________________________ |
DATA VOLUME REPORT --- TRANSFER FRAME OVERHEAD NOT INCLUDED
Start End CAPS CDA CIRS INMS ISS MAG MIMI RADAR RPWS UviIs VIMS PROBE ENGR TOTAL
Event doy hh:mm doy hhimm  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)  (Mb)
OBSERVATION NOR 328 05:43 329 20:43 0.0 73.6 0.0 28.4 1375.7 69.4 119.3 0.0 126.4 0.0 0.0 0.0 163.0 1955.8
SP_250EA_C34BWGNON329 PRIME 329 20:43 330 05:43 0.0 17.0 86.4 3.2 0.0 16.0 27.5 0.0 29.2 4.9 0.0 0.0 0.0 184.3
DAILY TOTAL SCIENCE 328 05:43 330 05:43 0.0 90.5 86.4 31.7 1375.7 85.4 146.9 0.0 155.5 4.9 0.0 0.0 163.0
OBSERVATION NOR 330 05:43 330 20:43 0.0 28.3 0.0 5.4 0.0 26.7 45.9 0.0 70.7 0.0 0.0 0.0 62.7 239.7
SP_250EA_C70METNON330 PRIME 330 20:43 331 05:43 0.0 17.0 86.4 5.2 0.0 16.0 27.5 0.0 42.2 4.9 0.0 0.0 0.0 199.2
DAILY TOTAL SCIENCE 330 05:43 331 05:43 0.0 45.3 86.4 10.6 0.0 42.7 73.4 0.0 112.9 4.9 0.0 0.0 62.7
—— Martin Brennan - o o 12 10/25/2017 —



Waypoint Selection

Saturn 250 Legacy

Good Waypoints

OBS_NAME START END POS_X_2_NSP |POS_X_2_NEP|NEG_X_2_NSP | NEG_X_2_NEP | POS_Z_2_NSP | POS_Z_2_NEP | NEG_Z_2_NSP | NEG_Z_2_NEP | NEG_X_2_SUN |NEG_Z_2_EARTH

SP_249NA_OBSERV328_NA | 2016-328T05:43:00 | 2016-329T20:43:00

SP_250NA_OBSERV330_NA | 2016-330T05:43:00 | 2016-330T20:43:00

RBOT Friendly Waypoints

OBSERVATION PERIOD START END POS X NEG X POS _Z NEG Z
SP_249NA_OBSERV328 NA [2016-328T05:43:00 |2016-329T20:43:00 | 191.6/34.3 191.6/34.3
SP_250NA_OBSERV330_NA |2016-330T05:43:00 |2016-330T20:43:00 | 191.6/34.4 191.6/34.4

—— Martin Brennan - o o 13 10/25/2017 —



Waypoints Chosen

Saturn 250 Legacy

Waypoint 1 (2016-328T07:59:00 — 2016-329T19:13:00): ISS_NAC to Saturn, NEG_X to Sun

10/25/2017 E—

— Martin Brennan




Notes

Saturn 250 Legacy

* Pointing:
* RBOT friendly waypoints used when compatible with science.
* Data Volume:
* No SMT warnings.
* SSRcleared by end of segment.
* DSN:
* No Level 3 requests
* Disposition ap_downlink report check warnings (except %70M stations, ignore)
* Ignore “Warning: 70m usage for sequence exceeds project commitment of <= 35%; is at 50%”
* Ignore “Warning: number of sequence upload passes is 0; should be 5 or more”
* Differences from DSN strawman:
* C34BWGNON329 downgraded from 70M (Part of Swap with following 70M pass downgrade)
* C70METNONZ220 upgraded from 34BWG
* Resource checker:
* None
* Opmodes:
* RSSK RWA-Fast (2016-329T20:37:50 — 330T05:41:12) : Verified by Aseel Anabtawi via email 11/04/15
* RSS2 RWA-Fast (2015-330T20:42:54 — 331T05:41:12) : Verified by Aseel Anabtawi and Laura Burke via email 01/11/16
* Hydrazine:
* N/A

* Special Activities:
* None

— Martin Brennan dionce Planming s equonce | eam 15 10/25/2017
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Liens

Saturn 250 Legacy

Sequence Liens (should all be SPLAT items):

* Listany Liens to be worked in SIP

* None

— Martin Brennan - o o 16 10/25/2017 —
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