Magnetospheric Multi-Scale (MMS) Three-Axis Accelerometer Questions
NASA would like to survey the market for new or existing three-axis accelerometer systems 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.

· Spacecraft has four axial thrusters and eight off-radial thrusters that will be used to perform attitude and orbit adjustment maneuvers.

· Three-axis accelerometer resolution less than 0.7 mirco-g per each axis.

· Maximum expected on-orbit linear acceleration due to thruster activity = 0.003g per each axis.

· RS-422 data interface.

· Radiation: 

· The three-axis accelerometer shall be designed to survive a Total Ionizing Dose level of 25 krads.  This level includes a factor of two design margin.

· The three-axis accelerometer shall be designed to avoid or tolerate errors due to Single Event Upsets (SEU).  The three-axis accelerometer design shall ensure that single-event latch-ups do not cause a catastrophic failure of the unit.  All devices used by the three-axis accelerometer 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 three-axis accelerometer systems, 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. Provide the following three-axis accelerometer 3-sigma performance characteristics:

1.1.1. Accuracy

1.1.2. Bias

1.1.3. Bias stability; include short and long term drift rates, as well as stability between power cycles

1.1.4. Noise

1.1.5. Bandwidth

1.2. Does the three-axis accelerometer have the ability to accept information from the spacecraft such as spin rate values?  If yes, describe the required data exchange method.

1.3. Can the device perform user-defined calculations such as interpolation?

1.4. What type of filtering can the three-axis accelerometer perform?

1.5. What range of sample rates are supported by the three-axis accelerometer?

1.6. Taking into account the required resolution and maximum expected on-orbit acceleration, provide the recommended three-axis accelerometer bit resolution.

2. Output Data

2.1. Provide a description of the available three-axis accelerometer output data, including any health and safety telemetry as well as any status flags.

2.2. What are the three-axis accelerometer data output rates (in Hz)?

2.3. At what acceleration magnitude level does the device saturate?

2.4. Does the three-axis accelerometer maintain polarity information when an input axis is saturated?

3. Timing

3.1. 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.)  How accurately is the latency known?

3.2. Does the three-axis accelerometer time-tag its output data?  If yes, describe how the three-axis accelerometer updates its time reference.  If no, describe how data is time-tagged by the user.

3.3. Is there a mechanism for the user to synchronize requests of periodic output data requests with the spacecraft?  If no mechanism within the three-axis accelerometer exists, how does the user compensate for this time delay? 

4. Testing
4.1. Are there any signal injection capabilities available within the three-axis accelerometer that can be used during spacecraft-level ground testing activities?

4.2. Describe any available ground support equipment that can be used for testing the three-axis accelerometer at the user level.
4.3. Describe your process for verification of the device’s range, accuracy and resolution at your facility.
5. Radiation

5.1. Can the three-axis accelerometer design meet the radiation requirements?

6. Thermal 

6.1. What are the operating and non-operating temperature ranges for the three-axis accelerometer?  
7. Physical Characteristics

7.1. Provide the following three-axis accelerometer physical characteristics:

7.1.1.  Mass

7.1.2.  Size envelope

7.2. Knowledge of each sensing element’s center location is critical to understanding the centripetal bias imposed by the spinning of the spacecraft.  Where are the sensing elements with respect to the device’s mounting feet and how precisely are these locations known?

8. Electrical

8.1. Provide the following three-axis accelerometer electrical characteristics:

8.1.1.  Input voltage requirement (volts), including range

8.1.2.  Power consumption (watts)

8.1.3.  Electrical interfaces

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

8.3. Provide a description of the three-axis accelerometer interface signal timing (i.e. pulse width, setup and hold time, etc.).

9. Design Lifetime and Reliability

9.1. Can the three-axis accelerometer design meet the on-orbit mission lifetime and pre-launch shelf life requirements?

9.2. Describe the available redundancy capabilities of the three-axis accelerometer.

9.3. What is the three-axis accelerometer Mean Time Between Failure (MTBF) value?  Are there different variants that produce higher reliability?
10. Cost and Schedule

10.1. 
10.2. Provide a cost estimate for the delivery of four systems, if internally redundant, or eight single-string systems, if not internally redundant.  The mission assurance requirements are described in the attached MMS Mission Assurance Requirements document.  Also provide a cost estimate for any available ground support equipment.  For informational purposes, the required delivery schedule is:

Engineering Test Unit

March 2010

Units 1/2


January 2012

Units 3/4


June 2012

Units 5/6


October 2012

Units 7/8


February 2013
10.3. When would contract award be required, given the above delivery dates?

11. Heritage and Capabilities
11.1. Provide a list of previous missions on which the proposed three-axis accelerometer has been flown, and indicate any future planned missions.  Identify differences between the previously flown units and the proposed three-axis accelerometer.
11.2. Provide a brief summary of your fabrication and test facilities that demonstrate the ability of your company to support the MMS requirements and schedule.
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