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Robotic Lunar Exploration Program

Lunar Reconnaissance Orbiter Project

LRO Light-Weight Solar Array Performance Specifications and Information Document
September, 2005

LRO LWSA Performance Specifications and Information Document
TRL and Heritage

TRL: 5 or higher (new developments will not be considered) 

Schedule

Minimum risk to schedule (Qual. heritage): LWSA Delivery by November 2007

Cost

Vendor shall provide an itemized cost estimate.
Light-Weight Solar Array (LWSA)
The LWSA provides power to the LRO Spacecraft. 

Mass Allocation 
The mass allocation includes all elements of the array required for operation and deployment, up to the electrical/mechanical interface with the articulation system.
Mass of the system shall not exceed 19Kg.  This does not include the articulation system or harness along the boom.

Mass properties for the both the stowed and deployed configurations shall be provided.  An itemized list of masses --to the component level—shall be provided.  
The material of all components shall be identified.
MECHANICAL
LRO will be Launched using the BOEING  DELTA-II 3-Stage Heavy Vehicle.  The LWSA shall meet the environmental requirements of the DELTA-II Launch Vehicle as stated below.

Natural Frequencies

When mounted to a rigid spacecraft simulator:

· The fundamental frequency of the stowed LWSA shall be 20 Hz minimum.
· The fundamental frequency of the deployed LWSA shall be 0.8 Hz minimum.
Mechanical Analysis 

Both Stowed and Deployed configurations of the LWSA shall demonstrate a high degree of structural integrity for the following load cases:

a. Dynamic Loads

b. Normal Modes

c. Acoustic

Strength Requirements

The LRO components must demonstrate their ability to meet their performance requirements after being subjected to the net CG limit load of 12 g’s in any direction.  Note that this load only covers low frequency transients.  For lightweight components, the random vibration environment may induce higher net loads.

The LRO components must demonstrate their ability to meet their performance requirements after being subjected to the following sine vibration environment.  These levels are to be applied at the LRO/component interface.


Instrument Sine Vibration Environment

	Frequency
	Protoflight/Qual Level
	Acceptance Level

	5 – 100 Hz
	8 g’s
	6.4 g’s


Levels may be notched to not exceed 1.25 times the design limit load.  These levels will be updated as CLA data becomes available.  Components must test for this environment up to 50 Hz and analyzed from 50 to 100 Hz.

The Delta II has a dynamic event that occurs between 90 and 140 Hz.  The following is an equivalent sine specification for this event.  This sine vibration environment is applied at the LRO/instrument (or component) interface between 90 Hz and 140 Hz.


Main Engine Cutoff (MECO) Sine Vibration Environment

	Frequency
	Flight Level

	90 – 140 Hz
	4 g’s


These levels are intended for assessment only and should not be used for design or test.  Components and instruments must evaluate whether or not they are sensitive to this environment.   Components and instruments not able to survive this sine environment should contact the LRO Lead Structural Analyst.

4.8 Torque Margins

The solar array unfolding mechanism designs shall demonstrate by analysis to have a Torque Ratio (or Force Ratio in the case of linear actuators) of 4.0 at each point in their deployment under worst case conditions.  The “Torque Ratio” is calculated with the following equation:

Torque Ratio =
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The Torque Ratio must exceed the Required Torque Ratio of 4.0.  This analysis shall include, at a minimum, the restraining forces/torques imparted by rotational and linear bearing friction and wire harness bending.

Ground Test Deployment and handling

A G-Negation system may be used for ground deployment testing of the LWSA.  A design concept for the G-Negation System, and Handling Fixture shall be presented.
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LRO Mechanical Interface Volume Allocation 

Volume Allocation Stowed
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Volume Allocation Deployed
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ELECTRICAL 

The array shall be designed such that electrostatic charges are nondestructively dissipated from all exposed array surfaces.
POWER 
Solar Array Electrical Requirements

The LRO solar array shall meet the requirements of this document at the end of 14 months in a 50-km lunar orbit.  The solar array shall utilize triple junction solar cells.
End-of-Life (EOL) Power Requirement

Under 0.962 suns AM0 at a temperature of 130ºC , and after exposure to the environments defined in this document, the total output of the solar array (taken at the solar cell string terminations with the solar array pointed 5º away from normal to the sun) shall meet or exceed 1,850 watts at a load voltage of 35 volts. In addition, the power at the load voltage of each solar cell segment shall equal or exceed one fourteenth of the power specified in Table 4-1. Isc and Voc for these conditions as well as an entire I-V curve shall also be provided.

Temperature Cycling Environment

The flight array shall degrade in peak power by less than 3 percent and shall not suffer any damage that may question its reliability to meet the requirements of this document after exposure in a vacuum to a total of 10 survival temperature cycles between –175oC and +140oC and 5,490 operational temperature cycles between -170oC and +130oC.  (These temperature predictions are for RFI purposes only).
Ultraviolet Radiation

When subjected to a UV exposure equivalent to 14 months of illumination with AM0 sunlight, the current output of the solar cells with the covers and cover adhesive shall meet the requirements of this document.

Charged Particle Radiation

The solar array shall meet the requirements of this document after exposure to the environments in Table 1 through Table 4. The solar cell Isc, Voc, Imp, Vmp, and Pmax degradation produced by these environments shall be determined using the equivalent fluence method along with the pertinent relative damage coefficients and degradation curves for the proposed solar cell.

Table 1.  Solar Proton Spectrum for LRO Lunar Orbit

	Energy (> MeV)
	Proton Fluence (p/cm2/mission)

	1
	2.43E+11

	3
	1.15E+11

	5
	7.32E+10

	7
	5.22E+10

	10
	3.51E+10

	15
	2.11E+10

	20
	1.42E+10

	25
	1.02E+10

	30
	7.59E+09

	35
	5.86E+09

	40
	4.64E+09

	45
	3.75E+09

	50
	3.08E+09

	55
	2.56E+09

	60
	2.15E+09

	70
	1.57E+09

	80
	1.17E+09

	90
	9.03E+08

	100
	7.09E+08

	125
	4.27E+08

	150
	2.77E+08

	175
	1.89E+08

	200
	1.35E+08

	225
	9.99E+07

	250
	7.55E+07

	275
	5.83E+07

	300
	4.58E+07


Table 2.  Solar Proton Spectrum for LRO Transfer Trajectory

	Energy 
(> MeV)
	Proton Fluence 
(p/cm2/mission)

	0.1
	3.20E+09

	0.5
	2.83E+09

	1
	2.32E+09

	2
	1.55E+09

	3
	1.05E+09

	4
	7.92E+08

	5
	6.38E+08

	6
	5.40E+08

	8
	3.86E+08

	10
	2.80E+08

	12
	2.10E+08

	15
	1.52E+08

	17
	1.28E+08

	20
	1.05E+08

	25
	7.30E+07

	30
	5.11E+07

	35
	3.82E+07

	40
	2.88E+07

	45
	2.24E+07

	50
	1.86E+07

	60
	1.32E+07

	70
	9.00E+06

	80
	6.47E+06

	90
	4.52E+06

	100
	3.54E+06

	120
	2.09E+06

	140
	1.44E+06

	160
	1.02E+06

	180
	7.55E+05

	200
	5.89E+05


Table 3.  Trapped Electron Spectrum for LRO Transfer Trajectory

	Energy (> MeV)
	Electron Fluence (e/cm2/mission)

	0.04
	8.20E+12

	0.1
	5.04E+12

	0.2
	2.55E+12

	0.3
	1.47E+12

	0.4
	9.60E+11

	0.5
	6.43E+11

	0.6
	4.76E+11

	0.7
	3.56E+11

	0.8
	2.79E+11

	1
	1.86E+11

	1.25
	1.18E+11

	1.5
	7.54E+10

	1.75
	4.86E+10

	2
	3.15E+10

	2.25
	2.07E+10

	2.5
	1.37E+10

	2.75
	8.51E+09

	3
	5.29E+09

	3.25
	3.25E+09

	3.5
	2.00E+09

	3.75
	1.13E+09

	4
	6.42E+08

	4.25
	3.41E+08

	4.5
	1.82E+08

	4.75
	8.90E+07

	5
	4.51E+07

	5.5
	9.74E+06

	6
	1.91E+06

	6.5
	3.34E+05

	7
	3.21E+04


Table 4.  Trapped Proton Spectrum for LRO Transfer Trajectory

	Energy (> MeV)
	Proton Fluence (p/cm2/mission)

	0.1
	7.80E+12

	0.15
	6.11E+12

	0.2
	4.83E+12

	0.3
	3.25E+12

	0.4
	2.22E+12

	0.5
	1.57E+12

	0.6
	1.12E+12

	0.7
	8.24E+11

	1
	3.45E+11

	1.5
	1.00E+11

	2
	3.43E+10

	3
	1.05E+10

	4
	4.20E+09

	5
	2.41E+09

	6
	1.47E+09

	7
	1.02E+09

	10
	4.13E+08

	15
	1.54E+08

	20
	8.83E+07

	30
	5.10E+07

	40
	3.97E+07

	50
	3.17E+07

	60
	2.71E+07

	70
	2.34E+07

	100
	1.55E+07

	150
	8.26E+06

	200
	4.50E+06

	300
	1.55E+06

	400
	5.45E+05


Array Segments

The solar array shall consist of 14 segments. Each segment shall have an equal number of solar cell strings in parallel. Each segment shall be routed separately from the terminal board(s) to the array connector(s).

Terminal Board(s)

The terminal boards shall be insulated from and bonded to the array. Each terminal board shall contain parallel redundant blocking diodes, which shall be connected in series with the solar cell strings. The terminal boards shall be conformally coated.
THERMAL/CONTAMINATION 
Solar, IR, Albedo Fluxes (Deployment, Operations)

Deployment Mission Mode and Lunar Cruise:  The LWSA will be deployed on the transition from the earth to the moon.  Environmental fluxes from the earth and moon will not be significant.  However, the LWSA could be deployed with any sun angle; therefore the design must accommodate deployment with any sun angle.  Operation and survival during the lunar cruise to the moon shall be in a similar environment to  deployment with only solar fluxes for environmental inputs.

Lunar orbit:  The LWSA shall be able to survive any sun or lunar pointing in lunar orbits from 216 km to 30 km.  In addition the LWSA shall be able to survive allowable voltage thermally on each individual string.  The LRO spacecraft flies a polar orbit that encompasses all Beta angles (the angle between the orbit plane and the sun vector.)  LRO can fly nadir pointing and also sun pointing in additional to off-pointing.  The LWSA may also be blocked on the backside by the spacecraft blanket.  The bounding hot case is likely to have the backside of the array blocked by the spacecraft in a Beta 0° orbit at 30 km.  This orbit also has the longest eclipse period and therefore would likely have the coldest temperatures on the array.  

Thermal Isolation:  The LWSA shall be thermally isolated from any gimbal mechanism.  The gimbal temperature requirements may be as low as -10 to +40°C and no more than 1 W may be transferred from the LWSA to the gimbal assembly.

Minimize pre-deployment control heater power:  The LWSA design deployment mechanism heaters shall minimize heater power.
Thermal Responsibilities:  The light weight solar array vendor shall be responsible for the thermal design of all components of the light weight solar array.  This shall include at a minimum:  Structure, Solar Cells, Solder Joints, and Harness.

Environmental Constants:
Solar and Albedo:

	PARAMETER
	Cold
	Hot

	Solar Constant
	1280 W/m2
	1420 W/m2

	Albedo Factor
	0.06
	0.13


IR Loading:

	ORBIT POSITION (°)
	Beta (° (W/m2)

	
	Hot
	Cold

	0 (sub-solar)
	(1335-5)*1*COS(() + 5
	(1114-5)*1*COS(() + 5

	30
	(1335-5)*0.866*COS(() + 5
	(1114-5)*0.866*COS(() + 5

	60
	(1335-5)*0.5*COS(() + 5
	(1114-5)*0.5*COS(() + 5

	90
	5
	5

	120
	5
	5

	150
	5
	5

	180
	5
	5

	210
	5
	5

	240
	5
	5

	270
	5
	5

	300
	(1335-5)*0.5*COS(() + 5
	(1114-5)*0.5*COS(() + 5

	330
	(1335-5)*0.866*COS(() + 5
	(1114-5)*0.866*COS(() + 5

	360 (sub-solar)
	(1335-5)*1*COS(() + 5
	(1114-5)*1*COS(() + 5


Contamination 

Cleanliness Requirements:  All solar array surfaces must meet a MIL-STD-1246 surface cleanliness requirement of 500A on both sides of the array.  Surfaces must be able to be recleaned to this level.  If standard cleaning techniques can not be used, an approved cleaning procedure shall be provided.

Outgassing Requirements:  The solar arrays will be required to meet an outgassing certification criteria specified at mission PDR.  To meet this criteria the solar arrays must be baked out in a elevated temperature, hard vacuum condition( <1x10-5 torr).  The outgassing certification will require a TQCM and cold scavenger plate to measure the contaminants generated during the certification.

ISOMETRIC VIEW


STOWED ARRAY ENVELOPE





ARRAY STOWED ENVELOPE





SPACECRAFT










































































DEPLOYED ARRAY ENVELOPE DIMENSIONS


(inches)





30





150





160





STOWED ARRAY ENVELOPE DIMENSIONS


(inches)





SOLAR ARRAY STOWED ENVELOPE





SPACECRAFT








2X R15





74.9





99





R50





R43.5





33























National Aeronautics and


Space Administration





Goddard Space Flight Center


Greenbelt, Maryland





� EMBED Word.Picture.8  ���











PAGE  

[image: image8.png]


_1188106349.unknown

_995883179.doc
[image: image1.png]






