STE-D Door Anomaly, STEREO Behind, 2011-04-20
At 1800UT on 2011-04-20, the STEREO Behind spacecraft fired its thrusters to perform a momentum dump. The spacecraft sends the STEREO instruments a warning over the 1553 interface prior to thruster firings. When the IMPACT/IDPU receives this warning, it automatically closes the STE-D door in order to shield the STE telescope from propellant condensation. Once the thruster firing is concluded, this is reported to the instruments via the 1553 interface. In response, the IMPACT/IDPU opens the STE-D door.

Just prior to the momentum dump on 2011-04-20, the IDPU closed the STE-D door as expected. The IDPU monitors the amount of time the STE-D door takes to open and close. If 1.25s elapse before the door closes the “open” or “closed” door sensor circuits, the IDPU powers off the door actuator to avoid overheating and reports an instrument error. After the momentum dump on 2011-04-20, the IDPU attempted to open the STE-D door, but the door did not reach the “open” state as reported by the STE-D door position sensor within 1.25s, and therefore, the IDPU powered off the door actuator and reported an error.

The IMPACT POC monitors IDPU housekeeping data in real-time during spacecraft contacts. Since the momentum dump occurred during a contact with the spacecraft, just after the momentum dump, the POC software issued three messages by email and text page to IMPACT’s operations manager. The three messages reported by the software were:

1. The IDPU reported “timeout error” that the STE-D door did not reach its open state within 1.25s

2. A “yellow limit” warning that the STEDDOORDONE value was 1.25s.
3. A “red limit” warning that the IDPU error count had incremented by 1.

Once the operations manager was alerted, he checked the instrument status manually and noted the state of the STE-D door as neither “open” nor “closed” as reported by the door position sensors, and he immediately contacted the IMPACT project manager for an assessment and guidance as to how to proceed. He also contacted the IMPACT PI, the STE principal Co-I and the STEREO project manager.

The IMPACT project manager analyzed the data available during the anomaly. The IMPACT POC captures all real-time telemetry it receives so this data was in hand at UC Berkeley immediately. He was able to determine from this data that the door had at least partially opened because a beta (electron) source on the backside of the door which is visible to the STE detector when the door is closed was not visible after the IDPU attempted to open the STE-D door and timed out.
In consultation with the primary STE design engineer, he suggested to the operations manager that the STEDDOOROPEN command be sent at the next commanding opportunity to the IMPACT/IDPU to see if this would result in the door position sensor reporting “open.” This command was executed at 15:19 UT on 2011-04-21 and resulted in the sensor reporting the door as “open.”

In order to assess the probable cause of this anomaly, trending data of STE door performance over the course of the mission was created and analyzed. The trending data indicated that the door performance has been stable since launch. No apparent degradation in performance was observed. (A link to plots of this data is below.)
The IMPACT project manager and STE design engineer concluded that the probable cause of the anomaly was that the door got stuck or slowed down by friction during the IDPU’s attempt to open the door just after the momentum dump. The door was freed (or unstuck) when the command to open the door was executed the following day. The STE design engineer noted that the door may not have had enough force to close the switch in the position sensor reporting it “open.”  See the STE design document listed at the end of this documentation for discussion of this potential issue.


The IMPACT project manager and STE design engineer at this point recommend commanding the door to close and open during an upcoming spacecraft contact to determine whether the anomaly is repeatable.
The IMPACT PI and principal STE Co-I are in agreement. They note that if the door were not to close during thruster firings, components of the spacecraft propellant would likely condense on the detector over time (as indicated by pre-launch modeling of the thruster plumes). This would attenuate the electron population the detector is designed to study and curtail its scientific utility.
A document describing the STE instrument and its door design can be found here:

http://stereo.ssl.berkeley.edu/peters/STEdoor/STE%20Mechanical%20Design%20R3.doc
The trending plots of STE-D door performance are located here:

http://stereo.ssl.berkeley.edu/peters/STEdoor/
