Magnetospheric Multi-Scale (MMS) Solar Array Questions
NASA would like to survey the market for new or existing technologies for manufacturing electrostatically and electromagnetically clean solar array panels in order to incorporate this information into the MMS Observatory conceptual design and to obtain answers to several questions, listed below: 
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.

· Sun line is nominally within 5 degrees of perpendicular to the spacecraft spin axis (i.e., sun line is nominally within 5 degrees of perpendicular to the plane of the solar panels).
· Solar Panel operating temperature is 40 degrees C.

· Solar panel voltage at the maximum power point on the array IV curve taken at the solar cell string terminations shall be at least 35 volts at 40 degrees C, end of life.

· The solar array shall use the most efficient available production triple-junction solar cells to generate electric power.

· Each Panel is 1275 mm x 668 mm. The entire front area is available for population by solar cells, electrostatic cleanliness (ESC) measures, and associated components. The front surface of each panel shall be fully populated with solar cells to the extent practical while employing these ESC methods. The spacecraft are power-starved, as are many spacecraft with body-mounted solar panels, so maximizing the power output while implementing the ESC measures is highly important.
· The spacecraft outer surface, including the solar panels, shall approximate a Faraday cage. The purpose of this is primarily to shield the radiation environment from any fields generated by the spacecraft so that instruments that measure low-energy particles can function.

· The potential difference between any two points on the cell-side surface of any solar array panel shall not exceed 1 volt in the presence of a current of 8 nanoampere per square centimeter into the structure generated by the ambient charged particle environment. The potential difference between any point on the cell-side surface of any solar array panel and the substrate ground pin on the solar panel-to-spacecraft interface connector in the presence of the same current shall not exceed 0.5 volt.
· The solar array shall be designed such that: (a) all cover glasses are conductively coated; (b) areas between cells and all perimeter areas are covered by conductive layers; (c) all cell interconnects are covered by conductive shielding; (d) no exposed insulators are present; and (e) continuous grounding exists between all of these surfaces and substrate ground. The total effective surface resistivity shall meet the above potential difference requirements.

· The stray magnetic field associated with the total beginning of life solar panel current output at peak power shall not exceed 10 nanotesla at a point 227 mm from any point on the panel. In addition to the solar cell strings, this requirement encompasses all electrical components on the array. To meet this requirement the Contractor shall, in addition to alternating the current direction of adjacent solar cell strings, retrace the current path of each solar cell string underneath the string using expanded silver mesh. The magnetic field cancellation conductor shall be connected to the negative terminal of the solar cell string, run underneath the string from the negative to the positive terminal, and terminated adjacent to the positive string termination. The width of the magnetic field cancellation conductor shall be approximately the same as the dimension of the solar cells in the parallel direction, allowing for sufficient space between adjacent strings to prevent shorts. The positive and negative solar cell string leads shall be run to the terminal board as a twisted pair. This magnetic field cancellation method is conceptually illustrated in Figure 1. Positive and negative power leads shall be run from the terminal board(s) to the solar panel-to-spacecraft connectors as twisted pair.
· The solar array panels shall survive a thermal cycling environment of 1,300 cycles between -155 degrees C and +60 degrees C.

· The solar array panels shall survive an acoustic vibration environment of TBD

· Acceptance testing including thermal vacuum Bakeout, thermal vacuum cycling, and acoustic testing shall be performed on each flight panel to verify that it meets the mission environmental requirements.
· See Tables 1 through 3 for the particulate radiation environment. Assume infinite backshielding.
· See Figures 2 and 3 for spacecraft images.
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Figure 2:  MMS Spacecraft
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Figure 3:  MMS Spacecraft shown with 5 deg tilt towards sun

Table 1

Spacecraft Incident Integral trapped Proton Fluence for 2.25-year MMS mission

	
	AVERAGE

	
	INTEGRAL FLUENCE

	E, ENERGY
	ABOVE E

	(MeV)
	(per cm2)

	0.05
	4.35E+14

	0.25
	1.62E+14

	0.5
	6.61E+13

	1
	1.74E+13

	1.5
	6.39E+12

	2
	2.80E+12

	2.5
	1.73E+12

	3
	1.14E+12

	3.75
	6.72E+11

	4.5
	4.56E+11

	6
	2.42E+11

	10
	7.46E+10

	15
	2.76E+10

	30
	8.94E+09

	50
	5.66E+09

	100
	2.91E+09

	200
	9.14E+08

	300
	3.33E+08

	400
	1.23E+08


Table 2

Spacecraft Incident Integral trapped Electron Fluence for 2.25-year MMS mission

	
	AVERAGE

	
	INTEGRAL FLUX

	E, ENERGY
	ABOVE E

	(MeV)
	(per cm2-day)

	0.04
	6.63E+14

	0.07
	4.98E+14

	0.1
	3.92E+14

	0.15
	2.72E+14

	0.2
	1.90E+14

	0.3
	1.03E+14

	0.5
	3.93E+13

	0.7
	2.02E+13

	0.9
	1.23E+13

	1
	9.85E+12

	1.2
	6.58E+12

	1.4
	4.45E+12

	1.6
	3.04E+12

	1.8
	2.10E+12

	2
	1.45E+12

	2.5
	5.90E+11

	3
	2.24E+11

	4
	2.65E+10

	5.5
	3.79E+08


Table 3

Spacecraft Incident Solar Proton Fluences for 2 Solar Active Years

95% Confidence Level

	Energy 
	Fluence 

	(>MeV)
	(#/cm2)

	1
	4.06E+11

	3
	2.02E+11

	5
	1.34E+11

	7
	9.82E+10

	10
	6.78E+10

	15
	4.20E+10

	20
	2.87E+10

	25
	2.08E+10

	30
	1.57E+10

	35
	1.22E+10

	40
	9.71E+09

	45
	7.88E+09

	50
	6.49E+09

	55
	5.41E+09

	60
	4.57E+09

	70
	3.34E+09

	80
	2.52E+09

	90
	1.94E+09

	100
	1.53E+09

	125
	9.20E+08

	150
	5.95E+08

	175
	4.08E+08

	200
	2.92E+08

	225
	2.15E+08

	250
	1.63E+08

	275
	1.25E+08

	300
	9.87E+07


The MMS Project is interested in purchasing electrostatically and magnetically clean solar array panels along with associated spares and qualification and acceptance testing.  Please provide the requested information and responses to the questions that follow:

1. Electrostatically Clean Array Technology
1.1. What is the technology recommended for meeting the ESC requirements?
1.2. What, if any, is the heritage of this technology? What is its Technology Readiness Level (TRL)?

1.3. What are the power loss factors associated with employing this technology on a solar array?

1.4. How much mass does this technology add to the solar array?
1.5. What added risks (compared with those of a conventional array) are associated with employing this technology on a solar array?

1.6. What is the cost of a solar array that meets the requirements described in this RFI? What would be the cost of a similarly-sized array without this ESC technology?
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Figure 1. Magnetic Field Cancellation Concept
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