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Cassini

Cassini Today

▶ Launched in 1997

▶ Arrived at Saturn in 2004

▶ Entering Saturn’s
atmosphere September 15,
2017
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Current Orbit
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Third Inclined Phase
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Third Inclined Phase
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Maneuver Design Process

Trajectory contolled via satellite flybys

▶ Match B · R, B · T, and flyby time.

▶ Drift from reference is allowed between flybys.

1

2
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Maneuver Design Process
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Figure 4: Navigation Strategy of Three Maneuvers per Flyby for Saturn Tour

employed for larger burns if the predicted burn time is at least 1.5 sec (actual burn time > 1.3 sec). This burn
duration minimum was set in the past to avoid a software limitation of 1 sec for burn times.14 Currently, this
translates to MEA burns that are at least 0.25 m/s. The first two maneuvers are usually deterministic and
optimized together in a chained two-impulse optimization strategy,17 which minimizes total deterministic
�V across several encounters while controlling asymptote errors without altering downstream flyby aim
points after each encounter. The three orbit trim maneuvers are targeted to the upcoming encounter’s three
B-plane18 flyby conditions: the spatial components B ·R and B ·T, and the time of flight, TF. These targets
were determined during the mission design phase and are defined in the reference trajectory, which provides
predetermined maneuver locations and flyby targets according to science sequence planning and objectives.

Each maneuver is executed in a turn-and-burn manner, that is, the required burn attitude is achieved by

Figure 5: Cassini Orbiter

performing a roll turn followed by a yaw turn (wind turns),
the burn is then executed and, after completion, the turns
are reversed to return to the original attitude (unwind
turns). Turns performed with the Reaction Wheel Assem-
bly (RWA) and roll turns performed by the RCS do not
impart �V to the spacecraft. Moreover, yaw turns exe-
cuted by RCS do contribute �V because these thrusters
are unbalanced about the YS/C axis. All roll turns and
the yaw turn for RCS maneuvers are typically executed by
the RWA. However, the yaw turn for MEA maneuvers is
usually performed by RCS thrusters. For this reason, the
computation of MEA maneuvers needs to account for the
�V imparted by the turns. Gates models19 of the maneuver
execution errors are implemented for statistical analysis, a
priori estimates for OD maneuver reconstructions, determi-
nation of maneuver delivery accuracies, and maneuver per-
formance assessments.20 The execution-error models have
been updated periodically based on maneuver performance
during the Saturn tour.20,21 For reference, the execution-
error models employed by Cassini since August 2012 are
summarized in the Table 1.

A planned maneuver can be canceled if it is determined that its execution will not improve encounter
conditions, yield downstream �V savings, or if a subsequent maneuver can attain the encounter conditions
at a lower �V cost. For instance, a common cancelation case is an approach maneuver preceded by accurate
shaping maneuvers. Regardless, these criteria are subordinate to science requirements.17 Depending on
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Year Summary

33 planned maneuvers

▶ Dec. 19, 2015–Nov. 29, 2016

▶ 8 maneuvers canceled

▶ 4 performed at backup time

12 satellite encounters

▶ 1 Enceladus, 11 Titan

▶ Titan flyby altitudes of 971–3548 km
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How did we do?

Flyby Misses

▶ We miss every time!

▶ Average miss for Titan: 929 m

▶ Minimum: 153 m at T123

▶ Maximum: 2.47 km at T119

Navigation Cost

▶ ∆Vactual −∆Vref = Navigation Cost

▶ Target for Solstice Mission is 0.3 m/s per encounter

▶ Achieved 0.182 m/s per encounter during this span.
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Navigation Cost Per Flyby
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Last Big Main Engine Burns

OTM-438

▶ January 23, 2016

▶ ∆V = 6.85 m/s

▶ 1.2% chance of propellant
depletion

1

2

OTM-444

▶ March 25, 2016

▶ ∆V = 7.95 m/s

▶ 6.0% chance of propellant
depletion
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Stellar Occultation
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Minimum limb altitude : −74.825 km
Polar crossing altitude : −47.110 km
Minimum limb time : 11−MAR−2016 11:55:08.3286 ET
Polar crossing time : 11−MAR−2016 11:54:47.5502 ET
ingress : 11−MAR−2016 11:54:32.0700
egress : 11−MAR−2016 11:55:44.4523

Before Maneuver
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After maneuver

OTM-443 Backup

▶ T117 Cleanup maneuver used to target occultation point.

▶ Needed to use the backup time to get more tracking data.

▶ Maneuver on Feb. 20, occultation on Mar. 11.
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T123 B-plane Shift

T123 Bplane

▶ Shifting aimpoint saved 0.34
m/s.

▶ Greatly reduced downstream
deviations.
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T123 B-plane Shift
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Look Ahead to Proximal Mission
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Thank you!

Questions?
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