SUBJECT: ANOMALY REPORT – EO-1 Safe Hold – Low Power
FROM: Earth Science Mission Operations (ESMO) Project

DATE:  December 18, 2013
PROGRAM:  EO-1
DATE OF ANOMALY:  December 17, 2013
DESCRIPTION OF EVENT: On 17 December (Day of Year 351) at 23:33Z (6:33PM EST), the low voltage red limit was exceeded on EO-1.  This occurred during the final minutes of a night-time orbit where a full moon lunar calibration sequence had been performed and all calibration activities had completed.  EO-1 automatically entered sun-pointing safe hold and shed all unnecessary loads on the spacecraft (including instruments, star tracker, GPS, recorder, etc…).  When the spacecraft entered the sunlight part of the orbit a few minutes later, positive power was restored.
The EO-1 Flight Operations Team verified that the spacecraft was in sun acquisition and safe, then planned for recovery based on steps that were taken in April 2012 to recover from the last sun pointing safe hold EO-1 experienced.  The battery was nearly up to full charge by the end of that first daylight period and was at 100% at least 10 minutes before the end of the second sunlight period after the anomaly.  The FOT returned EO-1 to Earth pointing nadir flight, turned the star tracker and GPS on, and went home for the evening Tuesday night.
On Wednesday 18 December, the FOT restarted the instruments and verified that the autonomous flight control software had been wiped out by the power down of the recorder-processor where the software resides.  They began to uplink code segments and verified that the battery was 100% charged by 10 minutes before the end of sunlight on each orbit.  As of 21:34Z, the Hyperion cryocooler had reached 109.77K temperature, which is nominal for the hyperspectral instrument.  All subsystems were performing nominally and 39 of the 131 code segments of the autonomous flight control software had been reloaded.  The FOT went home for the evening, but queued another 20 code segments for uplink overnight.
During Thursday the FOT expects to complete the code uplink and checks, then on Friday the FOT will start execution of the autonomous control software, uplink target goals for Saturday, and resume normal imaging operations.
IMPACT ON PROGRAM/PROJECT AND SCHEDULE: As of this reporting, EO-1 has missed 20 scheduled acquisitions, but has maintained all scheduled S-band contacts with ground stations plus scheduled emergency contacts with TDRSS to check telemetry status and send recovery commands.  If all goes as planned, a total of about 55 scheduled images will have been missed due to this anomaly.
CORRECTIVE ACTION: EO-1 has performed Lunar Calibrations with all instruments since launch in November 2000 and has always exceeded the battery state of charge yellow low limits because the maneuvers, data takes, and recording has all been done in spacecraft night near the time of the full moon every 28 days.  Care has been taken to avoid red low limit violations by ensuring full charge is achieved before the end of the previous daylight part of the orbit, reducing the number of lunar scans attempted over the years, and avoiding X-band downlinks at northern latitude stations that would begin in the Earth’s shadow.  

Trending data for battery health is being analyzed by GSFC Power Branch personnel.  If it is approved by those battery analysts and flight management at GSFC, the red low limit value may be lowered slightly to accommodate nominal lunar calibration activities while still maintaining a safe margin for actual power problems, like the one experienced in April 2012 when the solar array drive motor power supply latched up and EO-1 went into safe mode with the battery state of charge at 2-3 volts less than the red low limit.
If the red low limit is not lowered, the lunar calibration sequences will have to be split across 2 or more orbits instead of all occurring during one orbit.
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