












Mission Overview�v Navigation
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�� Navigation support provided by NASA Deep Space Network (DSN) and Space Network
(SN)

�� SN post-separation acquisition at +1 min
�� Handover to DSN by +1.5 hr
�� Near-continuous tracking through first phasing loop, then scheduled to cover maneuvers

and meet OD accuracy requirements
�� Post-launch SN support scheduled around perigee maneuvers only
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Flight Dynamics Ground System
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�� TESS Flight Dynamics
Ground System:

�� NASA Flight Dynamics
Facility (FDF)

�� TESS Flight Dynamics System

�� FDF responsibilities:
�� Facility/infrastructure
�� DSN/SN data interfaces
�� IOD external verification

�� FDS responsibilities:
�� Maneuver planning
�� Orbit determination
�� Product generation
�� Maneuver reconstruction/calibration

�� Software utilized:
Software Use
L3 ADS Flight Dynamics System (FDS) Procedure Execution, Data Management
NASA General Mission Analysis Tool (GMAT) Maneuver Planning, Ephemeris Generation
AGI Orbit Determination Tool Kit (ODTK) Primary Orbit Determination
Goddard Trajectory Determination System (GTDS)Backup Orbit Determination
SPICE Toolkit DSN Acquisition Generation
AGI Systems Tool Kit (STK) Analysis, QA, Visualizations
MATLAB Analysis, Plotting







Maneuver Performance
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�� Maneuver performance error trends with duration
�� Shorter duration correlated with underperformance
�� Trend explained as an artifact of thermal ramp-up of propulsion system

�� Analysis through P2M was used to predict likely performance of P3M flyby-
targeting maneuver

�� Maneuver thrust scaled by 95% during P3M planning to better target desired flyby



Lunar Flyby & Transfer Orbit

�� Lunar flyby: 17 May 2018
�� Performance as

expected:

�� Transfer orbit:
�� Achieved apogee radius: 70.25 RE

�� Achieved perigee radius: 16.54 RE
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Event Time (UTC) Lunar Altitude (km)

Expected 06:33:06 8183 km

Observed 06:34:36 8254 km

Delta 90 s 71 km

Element Pre-flyby Post-flyby

Perigee Radius (RE) 1.14 16.53

Apogee Radius (RE) 56.23 72.61

INC (deg) 29.3 36.6

RAAN (deg) 37 286

AOP (deg) 230 356



PAM Design & Extended Mission Design

�� PAM: Period Adjust Maneuver
�� Goal: Lower apogee to achieve 2:1 lunar resonance (approx. 13.67 day

orbit period)
�� Secondary objectives:

�� Improve long-term eclipse profile
�� Maintain long-term orbit stability

�� Long-term extended-mission analysis performed to 18�t25 years of
mission life (to extent of prediction capability)

�� PAM was fine-tuned via parametric scanning process
�� �W���D�������������������}���Z���(�]�˘�����������o�]���������^�����������������������_
�� PAM duration chooses specific eclipse profile within trade space

�� Two major tools:
�� �����o�]�������������}�(�]�o�������o�}�������~���X�l�X���X���^Napolean���o�}�����_��
�� Mean orbit period plots
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Extended Mission Eclipse Profile

�� Plot is associated with a PAM start epoch chosen by targeter.
�� Each row shows eclipses over time for a trajectory associated with a

given PAM duration (scale factor from nominal).
�� Selected PAM duration was chosen to avoid 3+ hr eclipses in 2021

and 4+ hr eclipses in 2027
�� Selected duration = 97% of nominal (923 s, 53.6 m/s)
�� Associated initial mission orbit period = 13.72 days
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