Magnetospheric Multi-Scale (MMS) Star Sensor Questions
NASA would like to survey the market for new or existing star sensors in order to incorporate this information into the MMS Observatory conceptual design and to obtain answers to several questions, listed below: 


General MMS Mission Requirements

· On-orbit mission lifetime of 29 months.

· Pre-launch shelf life without maintenance of 4 years.

· Initial orbit parameters:

· Perigee = 1.2 Re

· Apogee = 12 Re

· Inclination = 28.5 deg

· Final orbit parameters

· Perigee = 1.2 Re

· Apogee = 25 Re

· Inclination = approximately 28.5 deg; inclination is not actively maintained during mission

· Each spacecraft will be controlled by spin-stabilization techniques.

· Nominal spacecraft spin rate range between 2.3 rpm and 3.2 rpm.

· Spacecraft spin axis nominally points along ecliptic poles to within 5 deg.

· Spacecraft transverse plane (which is defined to be a plane in the spacecraft frame that is perpendicular to the spin axis) nominally pointed 5 degrees from the sun line.

· Star sensor accuracy less than 100 asec.

· RS-422 data interface.

· Radiation: 

· The star sensor shall be designed to survive a Total Ionizing Dose level of 50 krads.  This level includes a factor of two design margin.

· The star sensor shall be designed to avoid or tolerate errors due to Single Event Upsets (SEU).  The star sensor design shall ensure that single-event latch-ups do not cause a catastrophic failure of the unit.  All devices used by the star sensor shall have Linear Energy Transfer (LET) thresholds greater than 12 MeV-cm2/mg.  The vendor shall identify all parts that have LET thresholds of less than 75 MeV-cm2/mg.
· See Figures 1 and 2 for spacecraft images.
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Figure 1:  MMS Spacecraft
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Figure 2:  MMS Spacecraft shown with 5 deg tilt towards sun
The MMS Project is interested in purchasing quaternion output star sensors, appropriate sun shades, ground support equipment, and pertinent life test data.  Please provide the requested information and responses to the questions that follow:

1. Accuracy/Operations

1.1. What is the 3-sigma accuracy of the star sensor about its boresight and transverse axes?

1.2. What is the star sensor update rate (in Hz)?

1.3. What is the maximum transverse angular rate that the star sensor can tolerate and still produce a quaternion solution?

1.4. What is the maximum angular acceleration that the star sensor can tolerate and still produce a quaternion solution?

1.5. Over what spin rate range can the star sensor operate?

1.6. Does the star sensor provide attitude rate of change value?

2. Estimation
2.1. Can the star sensor calculate a quaternion solution independent of spacecraft spin direction?

2.2. Does the star sensor require spin rate information from the spacecraft?  If yes, describe the required data exchange method and how often it needs to be performed.

2.3. What happens to the output when a very bright object (such as the sun, earth or moon) enters the star sensor’s field of view (FOV)?  Include the amount of time the sensor takes to recover from a blinding condition and produce quaternion solutions within requirements.

3. Output Data

3.1. Provide a description of the available star sensor output data, including any health and safety telemetry as well as any status flags.

4. Timing

4.1. What is the latency of the output state?  (Latency is defined as the time from when the star data is available internally, to the time that the state is output.)

4.2. Does the star sensor time-tag the quaternion output?  If yes, describe how the star sensor updates its time reference.

4.3. Is there a mechanism for the user to synchronize requests of periodic output data requests with the spacecraft?  If no mechanism within the star sensor exists, how does the user compensate for this time delay? 

5. FOV/Interference

5.1. What is the recommended orientation of the star sensor boresight in the spacecraft frame taking into consideration the previously stated spacecraft nominal pointing configuration?

5.2. What is the FOV in degrees for this star sensor?  Is the FOV circular or square?

5.3. Can the star sensor be harmed in any way from frequent entries of bright objects (such as the sun, earth or moon) into the star sensor FOV?

6. Testing
6.1. Describe the available ground support equipment with respect to both optical stimulation and electronic simulation.  Also state whether the optical stimulator can be used in a thermal vacuum environment.

7. Sunshade (Baffle)

7.1. What are the size, mass, and exclusion angles (sun, earth, moon) of the various shades you provide?

8. Radiation

8.1. Can the star sensor design meet the radiation requirements?

9. Thermal 

9.1. What are the operating and non-operating temperature ranges for the star sensor?  
9.2. Does the star sensor have a minimum temperature power-on requirement?
9.3. Does the star sensor have a thermal electric cooler?  If yes, what accommodations from the spacecraft are required?

10. Physical Characteristics

10.1. Provide the following star sensor physical characteristics:

10.1.1.  Mass

10.1.2.  Size envelope

11. Electrical

11.1. Provide the following star sensor electrical characteristics:

11.1.1.  Input voltage requirement (volts)

11.1.2.  Power consumption (watts)

11.1.3.  Electrical interfaces

11.2. Provide a description of the star sensor signal interfaces (e.g. digital, differential EIA-422, functionality).  What are the data formats (e.g. UART or clock plus enable plus data).

11.3. Provide a description of the star sensor interface signal timing (i.e. pulse width, setup and hold time, etc.).

12. Design Lifetime and Reliability

12.1. Can the star sensor design meet the on-orbit mission lifetime and pre-launch shelf life requirements?

12.2. Describe the available redundancy capabilities of the star sensor.

12.3. What is the star sensor Mean Time Between Failure (MTBF) value?  Are there different variants that produce higher reliability?
13. Cost and Schedule

13.1. 
13.2. Provide a cost estimate for the delivery of four units, if internally redundant, or eight units, if not internally redundant.  Include in this estimate the cost of associated baffles.  The mission assurance requirements are described in the attached MMS Mission Assurance Requirements document.  Also provide a cost estimate for an available optical stimulator and electrical simulator.  For informational purposes, the required delivery schedule is:

Units 1/2
January 2012

Units 3/4
June 2012

Units 5/6
October 2012

Units 7/8
February 2013
13.3. When would contract award be required, given the above delivery dates?

14. Heritage and Capabilities
14.1. Provide a list of previous missions on which the proposed star sensor has been flown, and indicate any future planned missions.  Identify differences between the previously flown units and the proposed star sensors.
14.2. Provide a brief summary of your facilities that demonstrates the ability of your company to support the MMS requirements and schedule.
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