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1 Scope

This specification describes the electrical, mechanical, environmental, and verification requirements for the SDO Solar Array and Qualification Panel. 

2 Documents and Definitions

2.1 Applicable Documents

The following documents and drawings in effect on the day the contract implementing this specification is executed shall apply to the fabrication and to the electrical, mechanical, and environmental requirements of the Solar Array Panels and Qualification Panel to the extent specified herein.  In the event of conflict between this specification and any referenced document, this specification will govern, with the exception of the Statement of Work, 464-PWR-LEGL-0060, in which case the SOW takes precedence.

The following is a list of the applicable specifications and publications.

Table 1: List of Documents


	DOCUMENT NUMBER
	TITLE
	Revision/Date

	464-PWR-LEGL-0061
	SDO Solar Array Panels and Qualification Panel Statement of Work
	Latest at Time of Contract Execution

	MIL-STD-462
	Measurement of Electromagnetic Interference Characteristics
	Latest at Time of Contract Execution

	ANSI/ASQ9001-2000
	Model for Quality Assurance Design, Development, Production, Installation, and Servicing (August 1991)
	Latest at Time of Contract Execution

	NASA-STD-8739.4
	Requirements for Crimping Inter-connecting Cables, Harnesses, and Wiring (9 February 1998) 
	Latest at Time of Contract Execution

	MIL-STD-889
	Dissimilar Metals
	Latest at Time of Contract Execution

	ASTM E-595
	Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Out Gassing in a Vacuum Environment
	Latest at Time of Contract Execution

	464-SYS-ANYS-0010
	Radiation Analysis for the Solar Dynamics Observatory
	Latest at Time of Contract Execution

	MIL-W-22759/44
	Hookup Wire
	Latest at Time of Contract Execution


2.2 Definitions

The following acronyms are used in this Specification:

Acronyms
Definitions

AM0
Air Mass Zero
ANSI
American National Standards Institute
CIC
Covered, Interconnected, Cell
AU
Astronomical Unit (Earth to Sun Distance = 1) 
CM
Configuration Management
CO
Contracting Officer
CSS
Coarse Sun Sensor
COTR
Contracting Officer’s Technical Representative
CVCM
Collected Volatile Condensable Mass
DCR
Design Conformance Review
DPA
Destructive Physical Analysis
ESD
Electrostatic-Discharge
FMEA
Failure Modes and Effects Analysis
FRB
Failure Review Board
GFE
Government Furnished Equipment
GEO
Geosynchronous Orbit
GSE
Ground Support Equipment
GSFC
Goddard Space Flight Center
GSI
Government Source Inspection
ICD
Interface Control Document
JPL
Jet Propulsion Laboratory   
MJ
Multi-junction   
Pmax
Maximum Power  
PRT
Platinum Resistance Thermometer
SDO
Solar Dynamics Observatory 
SOW
Statement of Work 
TP
Twisted Pair
TSP
Twisted Shielded Pair  
TQCM
Thermoelectrically cooled Quartz Crystal Monitor
Vmp
Voltage at Maximum Power

3 Requirements

3.1 Description

The SDO spacecraft is sketched in Figure 1.

Excepting when the spacecraft is occulted by the earth’s shadow and in a few other cases, the spacecraft is intended to point its instruments and hence its solar panels at the sun. 
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Figure 1
The SDO Spacecraft

3.2 Units

The contractor shall use metric units in all documents used for the fabrication of the SDO array.

3.3 Units Verification

The contractor shall inspect documents for the use of metric units.

3.4 Test Condition Power

Under simulated AM0 illumination at 28C, the peak power output from each flight panel shall exceed 1170 watts at a voltage that exceeds 41.5 volts. 

Under simulated AM0 illumination at 28C, the peak power from the qualification panel shall exceed 1170 watts times the number of strings on the qualification panel divided by the number of strings on a flight panel at a voltage that exceeds 41.5 volts.

3.5 Test Condition Power Verification

The contractor shall use a solar simulator calibrated with a balloon-flown primary or a secondary standard solar cell to determine the current-voltage (I-V) characteristics of each panel through the connectors at 23 ± 5C.  

The contractor shall extrapolate the measured data to obtain the I-V curve for a panel operating at 28C and AM0.

Type: Measurement.

Level: Panel.

Schedule: Per Table VII and per Table VIII.

Pass/Fail Criteria: The verification shall fail if the Pmax, and Vmp of a panel does not meet the requirements of section 3.4.

3.6 Power at Highest Predicted Operating Temperature

Under simulated AM0 illumination at 75 C, the peak power output from each flight panel shall exceed 1060 watts at a voltage that exceeds 37.4 volts. 

Under simulated AM0 illumination at 75C, the peak power from the qualification panel shall exceed 1060 watts times the number of strings on the qualification panel divided by the number of strings on a flight panel at a voltage that exceeds 37.4 volts.

3.7 Power at Highest Predicted Operating Temperature Verification

The contractor shall use a solar simulator calibrated with a balloon-flown primary or a secondary standard solar cell to determine the current-voltage (I-V) characteristics of each panel through the connector with the panel operating at 75 +10/-0C at AM0.

The contractor shall extrapolate the measured data to obtain the I-V curves for a panel temperature of 75C and AM0.

Type: Measurement.

Level: Panel

Schedule: Per Table VII and Table VIII.

Pass/Fail Criteria: The verification shall fail if the Pmax, and Vmp of a panel does not meet the requirements of section 3.6. 

3.8 Power at Highest Predicted Temperature

Under simulated AM0 illumination at 100 C, the contractor shall measure the output of each panel. 

3.9 Power at Highest Predicted Temperature Verification

The contractor shall use a solar simulator calibrated with balloon-flown primary or a secondary standard solar cell to determine the current-voltage (I-V) characteristics of each panel through the connectors with the panel operating at 100 +10/-0C at AM0.

Type: Measurement.

Level: Panel

Schedule: Per Table VII and per Table VIII.

Pass/Fail Criteria: The contractor shall extrapolate the I-V curve to 75C. The verification shall fail if the Pmax, and Vmp of the flight panels do not meet the requirements of section 3.6.

3.10 End of Life Power

The contractor shall predict the power from the SDO flight panels under AM0 illumination at 52.4C, 65C, and 75C after exposure to the space environment for an interval of five years and three months, which is the contractually defined end of life for the array, as well as ten years, and eleven years for information. The prediction shall be presented with both graphical and tabular data. Among other environments, the prediction shall include the effects of thermal cycling. The number of cycles and their extremes is approximately represented by Table VI for a ten year period, which the contractor may interpolate to five years and three months.
In computing the end of life power estimates, the contractor may use its choice of hard particle radiation models.
3.11 End of Life Power Verification

The contractor shall predict current-voltage curves for the flight solar panels for the conditions specified in section 3.10. 

Type: Analysis.

Level: Panel.

Schedule: At DCR.

Pass/Fail Criteria: At 52.4C, after five years and three months, the array peak power shall exceed 1840W at greater than 35.3 volts with the array normal 4 degrees off the sun line. At 31.0v under the same environment, the array power shall exceed 1680 W.  The prediction at the other temperatures is for information only.  Please note that AM0 is the intensity to be used for End of Life power, NOT summer solstice intensity.
3.12 Radiation Hardness

The contractor shall select all parts to meet their intended application in the on-orbit SDO radiation environment as defined in the Radiation Analysis for the Solar Dynamics Observatory, 464-SYS-ANYS-0010. The radiation environment consists of two separate effects: total ionizing dose (TID) and single-event effects (SEE). For the solar cell TID the contractor shall instead use standard computations to Equivalent 1 Mev Electrons.

3.13 Radiation Hardness Verification

The Contractor shall document the radiation hardness assessment for each part with respect to both effects. Test plans and reports for parts that require radiation testing shall be submitted to the NASA/GSFC COTR for review. 

Type: Analysis

Level: Panel

Schedule: With the Design Conformance Review Presentation Package

Pass/Fail Criteria: The analysis shall demonstrate that the vendor-selected parts will not fail in the SDO orbit. 
3.14 Bypass Diode Functionality

The bypass diode circuits shall be functional subsequent to panel fabrication and thru the end of environmental testing and for the flight panels, thru end of life.

3.15 Bypass Diode Functionality Verification

The contractor shall pass a minimum of 120% of the short circuit current of each string on each panel thru the bypass diode circuits. This test shall be conducted at 23 ± 5C with the results extrapolated to 28C.

Type: Test.

Level: Panel.

Schedule: Per Table VII and per Table VIII.

Pass/Fail Criteria: The voltage dropped by the bypass diodes shall not vary more than ±3% from the first panel level measurement to the last at an extrapolated temperature of 28C.

3.16 Bypass Diode Functionality at High Temperature

The bypass diode circuits shall be functional at high temperatures subsequent to array fabrication and thru the end of environmental testing and for the flight panels, thru flight.

3.17 Bypass Diode Functionality at High Temperature Verification

The contractor shall pass a minimum of 120% of the short circuit current of each string on each panel thru the bypass diode circuits with the panels at 100 +10/-0C.

Type: Test.

Level: Panel.

Schedule: Per Table VII and per Table VIII.

Pass/Fail Criteria: The voltage dropped by the bypass diodes shall not suggest any anomalies in the bypass diode circuit.

3.18 Mass

The contractor shall add no more than 6.40 kg to either flight panel substrate.

3.19 Mass Verification

3.19.1 Substrate Mass Verification

The contractor shall weigh each substrate received

Type: Measurement.

Level: Component.

Schedule: Per Table VII and per Table VIII.

Pass/Fail Criteria: None

3.19.2 Panel Mass Verification

The contractor shall weigh each completed solar panel.

Type: Measurement.

Level: Panel.

Schedule: Per Table VII and per Table VIII. 

Pass/Fail Criteria: The weight verification for the flight panel shall fail if the mass exceeds the value specified in section 3.18. The qualification panel has no pass/fail criteria for mass. However, the contractor shall record the weight it has added to the qualification panel and from this confirm the estimate for the flight panel.
3.19.3 Radius of Curvature 

The solar panels shall withstand a radius of curvature of 1143cm or less without damage.

3.19.4 Radius of Curvature Verification

The contractor shall perform an analysis demonstrating that their added components can withstand the specified radius of curvature.

Type: Analysis

Level: Flight Panel

Schedule: Per Table VII

Pass/Fail Criteria: The qualification panel shall pass all the functional tests required by this specification after the bend test.

3.20 Magnetic Field

Except for Kovar or Invar interconnects, the contractor shall use no magnetic parts or subassemblies. The contractor shall use no more than 100 grams of either Kovar or Invar interconnects the flight panel.

3.21 Magnetic Field Verification

The contractor shall compute the mass of Kovar and Invar on the SDO solar array.

Type: Analysis.

Level: Component.

Schedule: Per Table VII.

Pass/Fail Criteria: The magnetic field verification shall fail if the mass of Kovar or Invar exceeds that specified in 3.20.

3.22 Magnetic Dipole Moment 

The magnetic dipole moment of each solar panel shall be less than 3 ampere-meters squared.

3.23 Magnetic Dipole Moment Verification

The contractor shall compute the magnetic dipole moment of each flight solar panel at the maximum possible predicted current for the panel at Isc, at 100C, at beginning of life, at winter solstice.

Type: Analysis.

Level: Component.

Schedule: Per Table VII.

Pass/Fail Criteria: The magnetic dipole verification shall fail if it exceeds that specified in 3.23.

3.24 Magnetic Dipole Moment Direction

The contractor shall arrange the solar cells on each panel such that the dipole magnetic moment will be in opposite directions after the panels are mounted to the spacecraft.

3.25 Magnetic dipole Moment Direction Verification

The contractor shall compute the direction of the magnetic dipole moment of each flight solar panel.

Type: Analysis.

Level: Component.

Schedule: Per Table VII.

Pass/Fail Criteria: The magnetic dipole verification shall fail if the moment direction is not as specified in 3.24.

3.26 Panel Out Gassing

The contractor shall only use materials with less than 1.0 percent total mass loss and less than 0.1 percent collected volatile condensable materials, as determined by the procedures of Standard Test Method for Total Mass Loss and Collected Volatile Condensable Materials from Out Gassing in a Vacuum Environment, ASTM E-595 and shall bake out the panel as defined in section 3.27.

3.27 Panel Out Gassing Verification

The contractor shall bake the panels at a temperature of 100C+10/-0C in a vacuum of 1 x 10‑5 Torr or less for at least 96 hours. 
The contractor shall maintain the TQCM at –40C throughout the test to measure total volatile out gassed condensables without the influence of water vapor. The TQCM must have a representative view of the hardware, preferably a vent.  The contractor shall collect and deliver to GSFC: chamber configuration, including chamber size, use of shrouds, TQCM location, cold finger and scavenger plate locations, if used, and general test setup; TQCM readings, taken a minimum every 0.5 hours; hardware temperature; chamber and shroud temperature; TQCM temperature; and pressure.

Type: Measurement.

Level: Panel.

Schedule: Per Table VII and per Table VIII. The out gassing verification shall take place immediately prior to the thermal vacuum cycling test.

Pass/Fail Criteria: The TQCM readings shall be less than 5E-12 g/sq-cm/sec or the contractor shall notify GSFC.
3.28 Insulation Resistance of Solar Panels

The resistance between the substrate and the solar cell circuits shall be greater than 1000 megohms per square meter of cell area for the flight panels and the qualification panel. 

3.29 Insulation Resistance of Solar Panels Verification

The contractor shall make connection to the cell circuits through each panel’s connector and shall tie all positive and negative power leads together. The contractor shall then measure the resistance between these tied together leads and the panel’s substrate. The contractor shall make this measurement at 500 volts dc with the current limited to 20 microamperes or less with the positive test voltage on the cell circuits

Type: Measurement. The insulation resistance values shall be recorded.

Level: Panel.

Schedule: Per Table VII and per Table VIII. 

Pass/Fail Criteria: The panel shall fail verification if its substrate resistance is less than that required by section 3.28.
3.30 Panel Configuration

3.30.1 Parts and Subassembly Layout

The contractor shall comply with layout, stay out zone, configuration and other requirements specified in GE 2062592. The contractor may otherwise locate flight panel parts and subassemblies for convenience so far as the configuration is consistent with this specification. 

The contractor shall show the stay out zone for the eight coarse sun sensors per flight panel on its drawings. This zone is at the outer corners of the panel as shown in the drawing

To interface with the power system electronics, each flight solar panel shall have ten solar cell circuits. The contractor may need to utilize different number of parallel cells in some of these circuits to fully utilize the panel area with standard cell sizes, in the case the contractor shall minimize the difference in the number of parallel strings between one circuit and the other circuits.

On each panel, two of these circuits shall interface to the spacecraft power electronics pulse width modulated circuits. The contractor shall place these circuits to the most outboard locations feasible. On each panel, one circuit is unswitched. The contractor shall place these circuits to the most outboard location feasible that will not displace the outboard location of the pulse width modulated circuits.
During launch, GSFC will fold the flight solar array panels in a stowed configuration. To satisfy clearances in this condition, all contractor placed parts and subassemblies shall extend less than the heights from the front and rear face sheets as required by GE 2062592.
The contractor shall populate a qualification panel on a GFE substrate containing at least seven examples of the solar cell strings with the number of series cells to be used on the flight panel, 116 examples of the blocking diodes, 116 examples of string terminations and at least two examples of each remaining part to be used on the flight panel with the exception of the substrate and each connector type which may each be represented by a single part. The contractor shall fabricate the qualification panel using the same materials and processes that it plans to use for the flight panels.  The contractor shall remove and replace a minimum of four solar cells subsequent to panel fabrication but prior to test. If for some repairs, the contractor might replace broken covers rather than entire CICs, it shall remove and replace a minimum of four covers, which are not over the replaced cells, subsequent to panel fabrication but prior to test. The contractor shall specify the size of the qualification panel to GSFC.

3.30.2 Parts and Subassembly Layout Verification

The contractor shall propose methods and schedules for verifying the parts and assembly layout.

3.30.3 Panel Identification

GSFC has identified the two flight panels as SDO-SA1 and SDO-SA 2, which shall be marked on the GFE substrates. The contractor shall not obscure or cover these identifications.

3.31 Solar Cells and By Pass Diodes

3.31.1 Cell Mechanical

No cell on a panel shall have a crack, visible at 7x or less magnification.

3.31.2 Cell Mechanical Verification

The contractor shall visually inspect each solar cell for compliance with section 3.31.1. The contractor shall inspect with the unaided eye and under a minimum of seven-power magnification. The contractor shall perform optional inspections, which it determines are advisable, at its discretion.

Type: Inspection.

Level: Panel.

Schedule: Per Table VII and per Table VIII.

Pass/Fail Criteria: Each solar cell shall meet the requirements of section 3.31.1 or the contractor shall remove the cell from the panel and replace it. If more than 4% of the cells on the qualification panel shall crack as a result of test, the panel shall fail qualification.
3.31.3 Cell Type

The contractor shall use space flight qualified multi-junction solar cells having a nominal efficiency greater than 28.2% under standard test conditions of AM0 (defined for this purpose at 1353 W/m2) and 28C
3.31.4 Cell Type Verification

The contractor shall define this verification.

3.31.5 Cell Absorptance

The average absorptance of the covered cells on each panel over the AM0 solar spectrum shall be less than 0.92 when used with the cover specified in this document.

3.31.6 Cell Absorptance Verification

The contractor shall measure the absorptance of five covered cells from the first lot of cells, subsequent to covering, and from a random selection of twenty of the covered cells delivered for the flight panels. If the average absorptance of the cells exceeds that specified in section 3.31.5, the contractor shall measure the absorptance of one hundred of the cells delivered for the flight panels.

Type: Measurement.

Level: Component.

Schedule: The contractor shall perform this measurement on the first lot of cells within a week of their fabrication. The contractor shall perform the subsequent measurements over the interval during which the cells are being covered.

Pass/Fail Criteria: The measured absorptance shall fail verification if the requirements of section 3.31.5 are not met after the average of 125 tested cells. The measured absorptance shall pass if the requirements are met after the test of 25 cells or 125 cells.

3.31.7 Limit To Shadowing Degradation

No panel shall experience more than 3 percent degradation in maximum power output as a result of the panel being repeatedly partially shadowed a minimum of 50 times.

3.31.8 Limit to Shadowing Degradation Verification

The contractor shall pass 1.1 times the nominal short circuit current of the solar cells through each solar cell for a minimum of two seconds prior to using the solar cell on the panel.

Type: Measurement.

Level: Component.

Schedule: The contractor shall run this test within one week of attachment of a discrete bypass diode or within one week after fabrication of the solar cells having monolithic bypass diodes.

Pass/Fail Criteria: The tested solar cells, when assembled into a panel, shall have sufficient power to meet the requirements of section 3.1 or the verification shall fail and the cells’ maximum power output shall degrade less than 3% or the verification shall fail. In case of failure, the contractor shall scrap the cell and monolithic bypass diode or scrap and replace the cell’s bypass diode and retest.

3.31.9 Solar Cell and Bypass Diode Welding and Contact Strength

The welds or solder joints to the solar cell contacts and bypass diode contacts shall be sufficiently reliable so that the fully assembled flight panels and qualification panel meet the requirements of this specification.

3.31.10  Welding and Contact Strength Verification

The contractor shall determine minimum acceptable pull strengths from a statistical analysis of the pull strengths for each weld-contact type. The minimum and maximum pull strengths shall each be three standard deviations from the corresponding average pull strengths. The contractor shall make this determination for every weld schedule and contact type used on the solar cells and every weld and contact type used on the bypass diode.

The contractor shall maintain a statistical summary of its weld pull strengths for GSFC inspection. At a minimum, the summary shall include the average pull strength and the standard deviation, and those welds, which were more than three standard deviations from the average.

Type: Measurement.

Level: Component.

Schedule: The contractor shall perform weld pull strengths on each weld type made a minimum of twice per eight-hour shift.

Pass/Fail Criteria: The minimum pull strength shall be greater than 300 grams. The contractor shall consider pull strengths outside of these limits as a non-conformity, which it shall investigate for cause and solution. During the time of the investigation, the contractor shall discontinue making the suspect welds. The contractor shall document each such non-conformity with its cause and solution. 

3.32 Solar Cell Covers

3.32.1 Cover Orientation

The covers shall be oriented using an etch symbol such that it disappears when the cover is fixed to the cells. (Stains and crops are not acceptable as they have repeatedly resulted in upside down covers.)

3.32.2 Cover Orientation Verification

The contractor shall visually inspect each solar cell cover for compliance with section 3.32.1. 

Type: Inspection.

Level: Panel.

Schedule: Per Table VII and Table VIII.

Pass/Fail Criteria: No more than 0.1% of a panel’s covers shall fail this test.  

3.32.3 Indium Tin Oxide Coating

The contractor shall use covers that are coated with Indium Tin Oxide having less than 5000 ohms per square and connect each cover either to the array circuitry or ground. The covers shall also have an anti-reflection (AR) coating.

Alternatively, the contractor may use covers with only an AR coating if it can show that the cover has a resistivity, and the cover adhesive has a resistivity, that allows the SDO spacecraft charge to bleed from the cells thru the covers to the plasma.

3.32.4 Indium Tin Oxide Resistance Verification

The contractor shall verify the electrical connection between the geometric center of each cover within ± .5 cm, and its connection to ground or the array circuitry at 23 ± 5C or by analysis if using the alternate.

Type: Measurement; analysis the contractor selects the alternate.

Level: Panel.

Schedule: Per Table VII and Table VIII.  If the contractor elects to use the alternate, at the DCR.

Pass/Fail Criteria: 50,000 ohms or, if the contractor uses the alternate, the analysis shows the spacecraft will bleed to a voltage of less that 40 volts relative to plasma under any foreseeable environment.

3.33 CIC Sensors

On each panel, the contractor shall install two-covered, interconnected, solar cells (CICs) each having the same design, manufacture and general performance of the service CICs. One sensor will detect in flight degradation of Voc. The other will detect in flight degradation of Isc. The Isc sensor shall be paralleled with a low temperature coefficient resistor mounted next to the CIC. The contractor shall select the resistor’s value so that the solar cell operates at approximately 0.1 volt when fully illuminated.  

3.34 CIC Sensors Verification

The contractor shall use a solar simulator calibrated with a balloon flown primary or secondary standard solar cell to determine the current-voltage (I-V) characteristics of each sensor through the connector at 23 ± 5C.

The contractor shall extrapolate the measured data to obtain the output at 28C and AM0 from the 23± 5C test.

The contractor shall measure the output of each sensor during the high temperature tests for information only.

Type: Measurement.

Level: Component.

Schedule: Per Table VII and Table VIII
Pass/Fail Criteria: At 28C, the output from each sensor shall change no more than 3% from immediately after initial assembly to the panel thru the last measurement. 

3.35 Wire and Layout

To make electrical connection, the contractor shall, where possible, use pairs of twisted shielded wire, each pair consisting of an insulated AWG #24 wire meeting MIL‑W‑22759/44. The contractor shall use non-redundant wiring between any solar cell string and the terminal board. The contractor shall protect the wire wherever abrasion may be a problem. The contractor shall use stress relief between wire tie points to avoid strains, particularly on the solar cell string terminations. The contractor shall address how it will stake the wire. The shields shall be the most exterior surface of the wires and shall be metallic. Where the contractor must use a single conductor instead of a twisted shielded pair, the contractor shall shield or wrap the single conductor. The shields and wrap are not required on the front surface of the array. The shields need extend no closer than 1.0 cm to the feed thru from the rear of the panel to the front.
The contractor shall use red wire for power leads and black wire for return leads. The contractor shall use white wire for temperature sensor leads, blue wire for coarse sun sensor leads, and yellow wire for CIC sensor leads.

On each panel, the contractor shall run a redundant set twisted shielded pair (TSP) wires from the location of the coarse sun sensor, leaving extra wire length per GE 2062592, to the signal connector. The contractor shall wrap the harness from the terminal board(s) to the spacecraft with a grounded conductor.
The contractor shall meet the requirements for wire placement required by GE2062592.

3.36 String Wire and Layout Verification

The contractor shall propose the type, level, schedule and pass/fail criteria for verifying the wire type and layout.

3.37 Connectors

3.37.1 Connector Wiring and Connector Type

The contractor shall configure the solar cell strings so that they provide ten circuits per flight panel, each isolated from the other, for input to the spacecraft. The contractor shall parallel the strings at a terminal board or boards for each circuit. The contractor shall use non-redundant wires from each string to the terminal board. The non-redundant wires shall connect to non-redundant JAN TXV 1N5811 diodes. The anodes of the diodes and the circuit returns shall be paralleled to form each of the ten circuits. From each circuit to the array connector, the contractor shall use redundant power and redundant returns. The contractor shall use MIL‑W‑22759/44 #20 gage wires with red for power and black for return for this purpose. Table I and Table II provide the wiring to the connectors carrying power. The contractor shall wrap the cable from the terminal board to the connector with a conductor. The contractor shall pig tail this cable, with its connector, to a length to be specified.

On each panel, two of these circuits shall interface to the spacecraft power electronics pulse width modulated (PWM) circuits. The contractor shall place these circuits to the most outboard locations feasible.

On each panel, one circuit is unswitched. The contractor shall place these circuits to the most outboard location feasible that will not displace the outboard location of the pulse width modulated circuits.

Table III and Table IV provide the wiring the contractor shall use for signals. 

The contractor shall modify the above specifications for appropriate use on the qualification panel. 

3.37.2 Flight Connector Type Verification

The contractor shall propose the type, level, schedule and pass/fail criteria for verifying the connector type, connector mounting adequacy, and wiring.

	Table I
 Plus Y Solar Panel Power Connector
ID 943(453)
Connector Type: LJT06RT23-53S
Government Furnished Equipment

	Contact ID
	
Source
	Harness
Grouping
	Wire
Type
	Type of Control on String

	R
	 Primary SA String 1+
	SAPWR901
	20 gage TP
	Switched

	S
	 Primary SA String 1-
	SAPWR901
	20 gage TP
	Switched

	m
	 Primary SA String 2+
	SAPWR902
	20 gage TP
	Switched

	n
	 Primary SA String 2-
	SAPWR902
	20 gage TP
	Switched

	AA
	 Primary SA String 3-
	SAPWR903
	20 gage TP
	Switched

	z
	 Primary SA String 3+
	SAPWR903
	20 gage TP
	Switched

	GG
	 Primary SA String 4-
	SAPWR904
	20 gage TP
	Switched

	y
	 Primary SA String 4+
	SAPWR904
	20 gage TP
	Switched

	FF
	 Primary SA String 5-
	SAPWR905
	20 gage TP
	Switched

	x
	 Primary SA String 5+
	SAPWR905
	20 gage TP
	Switched

	e
	 Primary SA String 6+
	SAPWR906
	20 gage TP
	Switched

	w
	 Primary SA String 6-
	SAPWR906
	20 gage TP
	Switched

	d
	 Primary SA String 7-
	SAPWR907
	20 gage TP
	Switched

	J
	 Primary SA String 7+
	SAPWR907
	20 gage TP
	Switched

	k
	 Primary SA String 8+
	SAPWR908
	20 gage TP
	Unswitched

	P
	 Primary SA String 8-
	SAPWR908
	20 gage TP
	Unswitched

	h
	 Primary SA String 9+
	SAPWR909
	20 gage TP
	PWM

	N
	 Primary SA String 9-
	SAPWR909
	20 gage TP
	PWM

	g
	 Primary SA String 10+
	SAPWR910
	20 gage TP
	PWM

	L
	 Primary SA String 10- 
	SAPWR910
	20 gage TP
	PWM

	A
	 Redundant SA String 1-
	SAPWR911
	20 gage TP
	Switched

	B
	 Redundant SA String 1+
	SAPWR911
	20 gage TP
	Switched

	U
	 Redundant SA String 2-
	SAPWR912
	20 gage TP
	Switched

	V
	 Redundant SA String 2+
	SAPWR912
	20 gage TP
	Switched

	q
	 Redundant SA String 3-
	SAPWR913
	20 gage TP
	Switched

	r
	 Redundant SA String 3+
	SAPWR913
	20 gage TP
	Switched

	CC
	 Redundant SA String 4-
	SAPWR914
	20 gage TP
	Switched

	s
	 Redundant SA String 4+
	SAPWR914
	20 gage TP
	Switched

	DD
	 Redundant SA String 5-
	SAPWR915
	20 gage TP
	Switched

	t
	 Redundant SA String 5+
	SAPWR915
	20 gage TP
	Switched

	a
	 Redundant SA String 6+
	SAPWR916
	20 gage TP
	Switched

	u
	 Redundant SA String 6-
	SAPWR916
	20 gage TP
	Switched

	b
	 Redundant SA String 7-
	SAPWR917
	20 gage TP
	Switched

	H
	 Redundant SA String 7+
	SAPWR917
	20 gage TP
	Switched

	C
	 Redundant SA String 8-
	SAPWR918
	20 gage TP
	Unswitched

	W
	 Redundant SA String 8+
	SAPWR918
	20 gage TP
	Unswitched

	D
	 Redundant SA String 9-
	SAPWR919
	20 gage TP
	PWM

	X
	 Redundant SA String 9+
	SAPWR919
	20 gage TP
	PWM

	F
	 Redundant SA String 10-
	SAPWR920
	20 gage TP
	PWM

	Y
	 Redundant SA String 10+
	SAPWR920
	20 gage TP
	PWM


	Table II
 Minus Y Solar Panel Power Connector

ID 944
Connector Type: LJT06RT23-53S (453)
Government Furnished Equipment

	Contact ID
	
Source
	Harness
Grouping
	Wire
Type
	Type of Control on String

	R
	 Primary SA String 1+
	SAPWR921
	20 gage TP
	Switched

	S
	 Primary SA String 1-
	SAPWR921
	20 gage TP
	Switched

	m
	 Primary SA String 2+
	SAPWR922
	20 gage TP
	Switched

	n
	 Primary SA String 2-
	SAPWR922
	20 gage TP
	Switched

	AA
	 Primary SA String 3-
	SAPWR923
	20 gage TP
	Switched

	z
	 Primary SA String 3+
	SAPWR923
	20 gage TP
	Switched

	GG
	 Primary SA String 4-
	SAPWR924
	20 gage TP
	Switched

	y
	 Primary SA String 4+
	SAPWR924
	20 gage TP
	Switched

	FF
	 Primary SA String 5-
	SAPWR925
	20 gage TP
	Switched

	x
	 Primary SA String 5+
	SAPWR925
	20 gage TP
	Switched

	e
	 Primary SA String 6+
	SAPWR926
	20 gage TP
	Switched

	w
	 Primary SA String 6-
	SAPWR926
	20 gage TP
	Switched

	d
	 Primary SA String 7-
	SAPWR927
	20 gage TP
	Switched

	J
	 Primary SA String 7+
	SAPWR927
	20 gage TP
	Switched

	k
	 Primary SA String 8+
	SAPWR928
	20 gage TP
	Unswitched

	P
	 Primary SA String 8-
	SAPWR928
	20 gage TP
	Unswitched

	h
	 Primary SA String 9+
	SAPWR929
	20 gage TP
	PWM

	N
	 Primary SA String 9-
	SAPWR929
	20 gage TP
	PWM

	g
	 Primary SA String 10+
	SAPWR930
	20 gage TP
	PWM

	L
	 Primary SA String 10- 
	SAPWR930
	20 gage TP
	PWM

	A
	 Redundant SA String 1-
	SAPWR931
	20 gage TP
	Switched

	B
	 Redundant SA String 1+
	SAPWR931
	20 gage TP
	Switched

	U
	 Redundant SA String 2-
	SAPWR932
	20 gage TP
	Switched

	V
	 Redundant SA String 2+
	SAPWR932
	20 gage TP
	Switched

	q
	 Redundant SA String 3-
	SAPWR933
	20 gage TP
	Switched

	r
	 Redundant SA String 3+
	SAPWR933
	20 gage TP
	Switched

	CC
	 Redundant SA String 4-
	SAPWR934
	20 gage TP
	Switched

	s
	 Redundant SA String 4+
	SAPWR934
	20 gage TP
	Switched

	DD
	 Redundant SA String 5-
	SAPWR935
	20 gage TP
	Switched

	t
	 Redundant SA String 5+
	SAPWR935
	20 gage TP
	Switched

	a
	 Redundant SA String 6+
	SAPWR936
	20 gage TP
	Switched

	u
	 Redundant SA String 6-
	SAPWR936
	20 gage TP
	Switched

	b
	 Redundant SA String 7-
	SAPWR937
	20 gage TP
	Switched

	H
	 Redundant SA String 7+
	SAPWR937
	20 gage TP
	Switched

	C
	 Redundant SA String 8-
	SAPWR938
	20 gage TP
	Unswitched

	W
	 Redundant SA String 8+
	SAPWR938
	20 gage TP
	Unswitched

	D
	 Redundant SA String 9-
	SAPWR939
	20 gage TP
	PWM

	X
	 Redundant SA String 9+
	SAPWR939
	20 gage TP
	PWM

	F
	 Redundant SA String 10-
	SAPWR940
	20 gage TP
	PWM

	Y
	 Redundant SA String 10+
	SAPWR940
	20 gage TP
	PWM


	Table III
 Plus Y Panel Signal Connector

ID 941
Connector Type: LJT06RT17-35S (453)
Government Furnished Equipment

	Contact ID
	
Source
	Harness
Grouping
	Wire
Type
	
Signal Type

	18
	Primary CSS1+(A)
	SASIG901
	24 gage TSP
	Signal

	11
	Primary CSS1- (A)
	SASIG901
	24 gage TSP
	Signal

	12
	Primary CSS2-(A)
	SASIG902
	24 gage TSP
	Signal

	19
	Primary CSS2+(A)
	SASIG902
	24 gage TSP
	Signal

	13
	Primary CSS3-(B)
	SASIG903
	24 gage TSP
	Signal

	20
	Primary CSS3+(B)
	SASIG903
	24 gage TSP
	Signal

	14
	Primary CSS4-(B)
	SASIG904
	24 gage TSP
	Signal

	21
	Primary CSS4+(B)
	SASIG904
	24 gage TSP
	Signal

	15
	Primary CSS5-(A)
	SASIG905
	24 gage TSP
	Signal

	22
	Primary CSS5+(A)
	SASIG905
	24 gage TSP
	Signal

	16
	Primary CSS6-(A)
	SASIG906
	24 gage TSP
	Signal

	23
	Primary CSS6+(A)
	SASIG906
	24 gage TSP
	Signal

	33
	Primary CSS7+(B)
	SASIG907
	24 gage TSP
	Signal

	41
	Primary CSS7-(B)
	SASIG907
	24 gage TSP
	Signal

	34
	Primary CSS8+(B)
	SASIG908
	24 gage TSP
	Signal

	42
	Primary CSS8-(B)
	SASIG908
	24 gage TSP
	Signal

	35
	Primary SA Isc+
	SASIG909
	24 gage TSP
	SA Signal

	43
	Primary SA Isc-
	SASIG909
	24 gage TSP
	SA Signal

	36
	Primary SA Voc+
	SASIG910
	24 gage TSP
	SA Signal

	44
	Primary SA Voc-
	SASIG910
	24 gage TSP
	SA Signal

	37
	SA PRT A+
	SASIG911
	24 gage TSP
	Signal

	45
	SA PRT A-
	SASIG911
	24 gage TSP
	Signal

	38
	SA PRT B+
	SASIG912
	24 gage TSP
	Signal

	46
	SA PRT B-
	SASIG912
	24 gage TSP
	Signal


	Table IV
 Minus Y Panel Signal Connector

ID 942
Connector Type: LJT06RT15-35S (453)
Government Furnished Equipment

	Contact ID
	
Source
	Harness
Grouping
	Wire
Type
	
Signal Type

	11
	Primary CSS1-(B)
	SASIG921
	24 gage TSP
	Signal

	18
	Primary CSS1+(B)
	SASIG921
	24 gage TSP
	Signal

	12
	Primary CSS2-(B)
	SASIG922
	24 gage TSP
	Signal

	19
	Primary CSS2+(B)
	SASIG922
	24 gage TSP
	Signal

	13
	Primary CSS3- (A)
	SASIG923
	24 gage TSP
	Signal

	20
	Primary CSS3+(A)
	SASIG923
	24 gage TSP
	Signal

	14
	Primary CSS4-(A)
	SASIG924
	24 gage TSP
	Signal

	21
	Primary CSS4+(A)
	SASIG924
	24 gage TSP
	Signal

	15
	Primary CSS5-(B)
	SASIG925
	24 gage TSP
	Signal

	22
	Primary CSS5+(B)
	SASIG925
	24 gage TSP
	Signal

	16
	Primary CSS6-(B)
	SASIG926
	24 gage TSP
	Signal

	23
	Primary CSS6+(B)
	SASIG926
	24 gage TSP
	Signal

	33
	Primary CSS7+(A)
	SASIG927
	24 gage TSP
	Signal

	41
	Primary CSS7-(A)
	SASIG927
	24 gage TSP
	Signal

	34
	Primary CSS8+(A)
	SASIG928
	24 gage TSP
	Signal

	42
	Primary CSS8-(A)
	SASIG928
	24 gage TSP
	Signal

	35
	Primary SA Isc+
	SASIG929
	24 gage TSP
	SA Signal

	43
	Primary SA Isc-
	SASIG929
	24 gage TSP
	SA Signal

	36
	Primary SA Voc+
	SASIG930
	24 gage TSP
	SA Signal

	44
	Primary SA Voc-
	SASIG930
	24 gage TSP
	SA Signal

	37
	SA PRT A+
	SASIG931
	24 gage TSP
	Signal

	45
	SA PRT A-
	SASIG931
	24 gage TSP
	Signal

	38
	SA PRT B+
	SASIG932
	24 gage TSP
	Signal

	46
	SA PRT B-
	SASIG932
	24 gage TSP
	Signal


3.37.3 Test Connector Type

The contractor shall provide and mount a test connector to each panel to make connection to the anode side of each blocking diode for the purpose of reverse bias testing each string’s cells. The contractor may choose the connector type and location, which it shall place as close as practicable to the terminal board to reduce noise

3.37.4 Connector Pin Crimping

The contractor shall use crimped pins in the connectors. Connector Pin Crimping Verification

Type: Test.

Level: Component.

Schedule: In accordance with NASA-STD-8739.4.

Pass/Fail Criteria: In accordance with NASA-STD-8739.4, Requirements for Crimping Inter-connecting Cables, Harnesses, and Wiring (9 February 1998). 
3.37.5 Connector Savers

To minimize the number of times that flight connectors are mated and de-mated, the contractor shall use a flight quality connector saver for each flight connector. The connector savers shall be mated with the flight connectors once and remain mated. All other connections shall be made to the connector saver. The contractor shall use connector savers for the qualification panel as well to uncover problems that may follow from their use.

3.37.6 Connector Saver Verification

None Required

3.38 Platinum Resistors

3.38.1 Platinum Resistor Type

The contractor shall equip each panel, including the qualification panel, with GFE Goodrich Platinum Resistor(s) type 0118MF2000A. 

The contractor shall locate the platinum resistor under the geometric center of a row or column of cells within the area specified in GE 2062592 on the rear face sheet of the substrate.
3.38.2 Platinum Resistor Type Verification

The contractor shall propose the type level, schedule and pass/fail criteria for verifying the resistor type.

3.38.3 Resistor Mounting

The contractor shall locate the platinum resistor under the geometric center of a row or column of cells very roughly in the geometric center of the panel on the rear face sheet of the substrate. The contractor shall run the lead wires from the resistor on the rear face sheet of each panel to the connector.

3.38.4 Resistor Mounting Verification

The contractor shall propose the type level, schedule and pass/fail criteria for verifying the resistor mounting.

3.38.5 Resistor Performance

The resistor shall meet its manufacturer’s specifications for resistance versus temperature.

3.38.6 Resistor Performance Verification

Type: Measurement.

Level: Component.

Schedule: Per Table VII and Table VIII
Pass/Fail Criteria: The output from each sensor shall meet the requirements of 3.38.5 or this requirement is failed. During the thermal vacuum test or thermal cycling test, the resistor shall additionally be shown to operate without discontinuity in resistance or this requirement is failed.

3.39 Substrates 

The GSFC shall supply insulated substrates, for both flight and qualification panels, to the contractor. The GSFC shall equip the flight substrates with fittings suitable for attaching handles. Before using the substrates, the contractor shall verify that they are suitable to fix spacecraft solar cells to.

3.40 Substrate Verification

The contractor shall propose the type level, schedule and pass/fail criteria for verifying that the substrates are suitable for use. The contractor shall also propose the type, level, schedule, and pass/fail criteria for the performance of the substrates after environmental exposure.

3.41 Substrate Grounding

GSFC shall ground the substrate.
3.42 Substrate Grounding Verification

The contractor need not verify the substrate ground.
3.43 Cleanliness

3.43.1 Overall Cleanliness

The contractor shall keep the panels visibly clean to highly sensitive level per JSC-SN-C-0005. The contractor shall use cell, cover and other adhesives to insure that they do not flake throughout panel test and flight.

3.43.2 Cleanliness Verification

The contractor shall inspect the panels to the requirements of JSC-SN-C-005 to the highly sensitive level using both white and black light inspections.

Type: Inspection.

Level: Panel.

Schedule: Per Table VII and Table VIII.

Pass/Fail Criteria: The inspection shall meet the visibly clean highly sensitive requirements of JSC-SN-C-005. If not, the contractor shall clean the “dirty” areas until the requirement is met. 

3.43.3 Wiping Materials

The contractor shall only use extracted wipes to clean the solar panels, solar cells and covers. All wipes or other items used to clean the panels shall be Soxhlet extracted for a minimum of 24 hours and dried before use. (Commercial product is available that meets this requirement.)

3.43.4 Wiping Materials Verification

Type: Inspection.

Level: CIC and Panel.

Schedule: On every use.

Pass/Fail Criteria: Cleaning materials shall meet the requirements of section 3.43.3 or fail this verification.

3.43.5 Gloves

The contractor shall only use latex free, powder free, polyethylene gloves to touch completed CICs and panels in the presence of solvents. The contractor shall only use powder free latex or nitrile gloves on dry CICs and panels.

3.43.6 Glove Verification

Type: Inspection.

Level: CIC and Panel.

Schedule: On every use.

Pass/Fail Criteria: Gloves shall meet the requirements of 3.43.5 or fail this verification.

3.43.7 Room Cleanliness

The contractor shall assemble the solar panels in a Class 300,000 room or better.

3.43.8 Room Cleanliness Verification

Type: Measurement.

Level: Facility.

Schedule: Every six months.

Pass/Fail Criteria: The assembly area shall meet the requirements of 3.43.7 or fail this verification.

3.43.9 Assembly Room Temperature

The contractor shall assemble the solar panels in a room between 18C and 28C.

3.43.10 Assembly Room Temperature Verification

Type: Measurement.

Level: Facility.

Schedule: Every day.

Pass/Fail Criteria: The assembly area shall meet the requirements of 3.43.9 or fail this verification.

3.43.11 Assembly Room Humidity

The contractor shall assemble the solar panels in a room having a humidity range proposed by the contractor. 

3.43.12 Assembly Room Humidity Verification

Type: Measurement.

Level: Facility.

Schedule: Every day.

Pass/Fail Criteria: The assembly area shall meet the requirements of 3.43.11 or fail this verification.

4 Life Requirements

4.1 Mission Life

The solar panels shall have a mission life exceeding five years and three months. The solar panels have a mission life goal of ten years.

4.2 Mission Life Verification

The contractor shall certify that it has conducted a test program to demonstrate that the solar panels have a mission life greater than five years and three months. 

The contractor shall certify that it has not knowingly limited the mission life of the panels to less than ten years.

4.3 Shelf Life

The solar panels shall have a shelf life exceeding ten years.

4.4 Shelf Life Verification

The contractor shall certify that the solar panels will have a shelf life greater than 10 years when packaged to its specifications.

5 Performance after Exposure to Environments

5.1 Mechanical

5.1.1 Vibration and Acoustic Noise Tolerance

The panels shall meet the requirements of this specification after exposure to the vibration and acoustic noise resulting from launch. 

5.1.2 Pre Load Release Shock

The solar panels shall meet the requirements of this specification after sustaining a shock event resulting from the release of a 750 lb preload at deployment. The preload is enforced at the latch interface and restrained at the snubber and hinge interfaces. After release the solar panels will be constrained only at the hinge interfaces.
5.1.3 Vibration and Acoustic Noise Tolerance Verification

	Table V
Acoustic Test Levels

	One-Third Octave
Center Frequency
 (Hz)
	

Noise Level(dB) 

	32
	122.5

	40
	128.0

	50
	128.2

	63
	129.3

	80
	131.0

	100
	132.0

	125
	133.5

	160
	134.0

	200
	135

	250
	134.5

	315
	134.0

	400
	133.5

	500
	133

	630
	131.5

	800
	130

	1000
	127

	1250
	125

	1600
	123.5

	2000
	124

	2500
	121

	3150
	120.5

	4000
	118.5

	5000
	117.5

	6300
	116.5

	8000
	117.0

	10000
	117.5

	Overall
	144.3


Each of the panels shall be suspended in a reverberant chamber and subjected to the acoustic noise environment specified in Table V for 1 minute. The panels shall be mounted to a suspension system, which results in a natural frequency of less than 25 Hz.

Type: Measurement.

Level: Panel.

Schedule: First Environmental Test.

Pass/Fail Criteria: The panels shall meet the requirements of this specification after the exposure.

5.2 Thermal

5.2.1 Panel Performance in Thermal Vacuum Environment

No panel shall degrade in peak power by more than 2 percent and no panel shall incur damage that may question its reliability to meet the requirements of this document after exposure to the flight thermal cycles in the vacuum of space. These cycles may be as severe as –90C to +100C with the panels stowed and ‑150C to +90C with the panels deployed.
5.2.1.1 Panel Performance in Thermal Vacuum Environment Verification

The contractor shall thermal cycle each panel, including the qualification panel, in a vacuum of 1 x 10​-5 Torr or less. The qualification panel shall include a flight like harness and connector. The contractor shall cycle the panels at 10C beyond the temperature extremes specified in section 5.2.1 for one cycle for the stowed condition and seven cycles for the deployed condition. The contractor shall fix at least 6 calibrated temperature sensors over each flight panel, 4 for the qualification panel, and use the panels’ platinum resistors to monitor temperature. The contractor shall cycle to the temperature extremes based on the average reading of the temperature sensors. The temperature gradients across the panels shall be limited to ±20C. The period for one cycle shall be greater than 96 minutes, excluding the dwell. The dwell at the temperature extremes shall be greater than 1 hour. The rate of temperature change between cold and hot limits shall not exceed 30C per minute. 

The contractor shall send current through each panel circuit, thru the CIC sensors, and thru the platinum temperature sensors using the GFE connecting harnesses during these tests. The contractor shall continuously monitor the currents with an analog strip chart recorder channel dedicated to that circuit, CIC, or resistor. At no time, however short, shall the strip chart recorder not monitor the current. This requirement specifically excludes the use of digitizing recorders or point type recorders. The contractor shall pass current thru the cells thru the first three cycles, to test the cells, pass current thru the bypass diodes thru the second three cycles, pass current thru the cells thru the second to last cycle, and pass current thru the bypass diodes thru the last cycle. The reverse current thru the cells shall be conducted thru a flight quality test connector, which the contractor shall mount to the flight panels, that make connection to the anode side of each string’s blocking diode and the service connector contacts that make connection to each string’s return.

During the pump-down, the contractor shall monitor power line voltages, to demonstrate the absence of corona discharge and multipaction 
Transitions from cold to hot conditions increase contamination hazards because material that has accreted on the chamber walls may evaporate and deposit on the relatively cool solar panels.  Transitions will be conducted at rates sufficiently slow to prevent this from occurring.  Testing shall start with a hot and end with a hot soak, in this case met by the out gassing verification, see section 3.27, to minimize this risk.

Type: Measurement.

Level: Panel.

Schedule: Per Table VII and Table VIII
Pass/Fail Criteria: Any discontinuity showing in a strip chart recording shall fail the verification. Any defects or reduction of power output outside the limits of the requirements of this specification shall fail the verification.

5.2.2 Panel Performance in Thermal Environment Verification

The contractor shall rapid temperature cycle test the qualification panel, connected to contractor harnesses, in flight configuration including a flight connector in a dry inert nitrogen or vacuum to the temperatures in Table VI. The contractor shall fix at least 4 calibrated temperature sensors over the panel and use the panel’s platinum resistor to monitor temperature. The contractor shall use the average to determine temperature. Temperature gradients across the panel shall be limited to ±10C at the extreme temperatures. The dwell time at the temperature extremes shall be at least 10 minutes. The rate of temperature change for the first 10 minutes of hot to cold shall be greater than 10C per minute. The rate of temperature change for the first ten minutes going from cold to hot shall be greater than 20 C per minute.


	Table VI
Qualification Panel Thermal Cycling

	
At Least This
Number of Cycles
	Lo Temperature Must be Equal to or Lower than 
(C)
	Hi Temperature Must be Equal to or Higher than 
(C)

	40
	-83
	88

	40 
	-123
	88

	80
	-141
	88

	120
	-151
	88

	180
	-160
	88


The contractor shall send current through each panel string, the CIC sensors, and the platinum resistor using the harnesses and connectors during this test. The contractor shall continuously monitor the current through each string, the CIC sensors, and the platinum resistor with an analog strip chart recorder channel dedicated to that circuit. At no time, however short, shall the strip chart recorder not monitor the current. This requirement specifically excludes the use of digitizing recorders or point type recorders. The contractor shall reverse bias the cells thru the first half of the cycles of each of the five temperature ranges, to test the bypass diodes, and forward bias the cells thru the second half of the cycles of each of the five temperature ranges. The forward bias cell current shall be conducted thru a flight quality test connector, which the contractor shall mount to the to the qualification panel, that make connection to the anode side of each string’s blocking diode and the service connector contacts that make connection to each string’s return.

Type: Measurement.

Level: Panel.

Schedule: Table VIII and the contractor shall complete tests defined in this section prior to starting the fabrication of the flight panels.

Pass/Fail Criteria: Any discontinuity in any strip chart recording shall fail the verification. Any defects or reduction of power output outside the limits of the requirements of this specification shall fail the verification. Additionally, the panel must pass the functional tests required during the intermediate and final inspections and tests.

5.3 Degradation and Contaminants due to Atomic Oxygen

The contractor shall only use materials that do not generate contamination resulting from interaction with the atomic oxygen environment, which consists of 5.96E16 atoms of atomic oxygen per square centimeter.

5.4 Degradation and Contaminants due to Atomic Oxygen

Type: Verification and Analysis.

Level: Panel.

Schedule: By DCR

Pass/Fail Criteria: The contractor shall certify that it meets the requirements of section 5.3.

5.5 Allowable Degradation due to Hard Particle Radiation

The contractor shall consider hard particle radiation in its computation of end of life power, see section 3.10.

5.6 Degradation due to Hard Particle Radiation Verification

The contractor shall perform in accordance with section 3.11.

5.7 Allowable Degradation due to Humidity

The contractor components added to the flight solar panels shall meet the requirements of this document during and after exposure of 20 to 70% relative humidity after (2) years. 
5.8 Allowable Degradation due to Humidity Verification

Type: Certification.

Level: Panel.

Schedule: By DCR

Pass/Fail Criteria: The contractor shall certify that it meets the requirements of section 5.7.

5.9 Allowable Degradation due to Depressurization

The contractor components added to the flight solar panels shall meet the requirements of this document after depressurization from 1 atmosphere to 1E-05 Torr in thirty seconds.
5.10 Allowable Degradation due to Depressurization Verification

Type: Certification.

Level: Panel.

Schedule: By DCR

Pass/Fail Criteria: The contractor shall certify that it meets the requirements of section 5.10.

6 Verification Requirements

The contractor shall conduct a verification program in accordance with this document and that otherwise demonstrates the hardware design meets all requirements contained in this document.  The contractor shall provide a verification matrix defining the method of verification for each specific requirement of this document.  Verification methods include inspection, analysis, test or a combination of these techniques.

The following definitions and requirements apply, unless otherwise noted, to all the verifications required by this document. 

6.1 Inspection

With the exception of specific requirements required by this document, verification by inspection includes visual inspection of the physical hardware, a physical measurement of a property of the hardware, or the documentation search demonstrating hardware of an identical design has demonstrated fulfillment of a requirement.

6.1.1 Visual Inspection

The contractor shall perform visual inspection in accordance with the requirements of this specification.

6.1.2 Physical Measurement

Physical measurement of hardware property (i.e. mass, dimensions, etc.) shall demonstrate that the hardware meets specific requirement.

6.1.3 Documentation Search (Similarity)

Verification of requirements based on similarity shall include supporting rationale and documentation and shall be approved by the GSFC COTR.

6.2 Analysis

Verification of performance or function through detailed analysis, using all applicable tools and techniques, is acceptable with GSFC COTR approval.

6.3 Test

Represents a detailed test of performance and/or functionality throughout a properly configured test setup where all critical data taken during the test period is captured for review.

The contractor shall take performance parameter measurements to establish a baseline that can be used to assure that there are no data trends established in successive tests that indicate a constant degradation of performance within specification limits that could result in unacceptable performance in flight.

6.4 Test Restrictions

6.4.1 Anomaly During Tests

The contractor shall halt a test, as appropriate, if an anomaly occurs during the test to prevent potential damage to hardware and to preserve the failure configuration. The contractor shall investigate anomalies in accordance with its approved procedure(s).

6.4.2 Modification of Flight Hardware

Once the formal test program has started, the contractor shall not adjust or modify flight hardware unless this is documented and approved by the COTR prior to execution

6.4.3 Re-Test Requirements

If any event, including test failure, requires flight hardware to be disassembled and reassembled, then the contractor must consider repeating all tests performed prior to the event. The contractor shall examine all the panels it has built or partially built to determine if the problem is common. If these require disassembly for repair, then each must receive the same test sequence.

Table VII
Schedule of Flight Panel Level Verifications

Order of Tests is Down Column; Then Move to the Next Column
Contractor may arrange order of tests in any column for convenience


Table VIII
Schedule of Qualification Panel Verifications

Order of Tests is Down Column;, Then Move to the Next Column
Contractor may arrange order of tests in any column for convenience
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Sheet1

				Section Number		On Receipt of GFE Qualification Panel Substrate		After Completion of Panel Fabrication		After Acoustic Exposure		After Panel Bend Test		During Thermal Vacuum and/or Bake Out		After Thermal Vacuum and Bake Out		After 160 Thermal Cycles		After 280Thermal Cycles		After 460 Thermal Cycles		After Final Repair

		Cleanliness		3.43.2		I		I		I		I				I		I		I		I		I

		Cell Mechanical (Stereomicroscopic Inspection)		3.31.1				I		I		I				I		I		I		I		I

		Cover Orientation		3.32.1				I																I

		Indium Tin Oxide Resistance		32.4				M		M		M				M		M		M		M		M

		Panel Outgassing		3.27										M

		Panel Performance in Thermal Vacuum (Continuity Measurements)		5.2.1.1										M

		Platinum Resistor Performance		3.38.6				M		M		M		M		M		M		M		M		M

		Substrate Mass Verification		3.19.1		M

		Panel Mass Verification		3.19.2				M		M						M		M		M		M		M

		Insulation Resistance of Solar Panels		3.29				M		M		M				M		M		M		M		M

		Test Condition Power		3.5				M		M		M				M		M		M		M		M

		CIC Sensors		3.34				M		M		M				M		M		M		M		M

		Power at Highest Operating Temperature		3.7				M		M		M				M		M		M		M		M

		Power at Highest Predicted Temperature		3.9				M		M		M				M		M		M		M		M

		Bypass Diode Functionality Verification		3.15				M		M		M				M		M		M		M		M

		Bypass Diode Verification at Hi Temperature		3.17				M		M		M				M		M		M		M		M

				"I" represents verification by inspection

				"M" represents verification by measurement.
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Sheet1

				Section Number		Prior to Purchase of Panel Parts and Prior to DCR		On Receipt of GFE Panel Substrates		After Completion of Panel Fabrication		After Acoustic Exposure		During Thermal Vacuum and Bake Out		After Thermal Vacuum and/or Bake Out		After Final Repair

		End of Life Power		3.11		A

		Magnetic Field		3.21		A

		Magnetic Dipole Moment		3.23		A

		Magnetic Dipole Moment Direction		3.25		A

		Radius of Curvature		3.19.4		A

		Cleanliness		3.43.2				I		I		I				I		I

		Substrate Mass		3.19.1				M

		Cell Mechanical (Stereomicroscopic Inspection)		3.31.1						I		I				I		I

		Cover Orientation		3.32.1						I								I

		Indium Tin Oxide Resistance		3.32.4						M		M				M		M

		Panel Outgassing		3.27										M

		Panel Performance in Thermal Vacuum (Continuity Measurements)		5.2.1.1										M

		Platinum Resistor Performance		3.38.6						M		M		M		M		M

		Panel Mass		3.19.2						M		M				M		M

		Insulation Resistance of Solar Panels		3.29						M		M				M		M

		Test Condition Power		3.5						M		M				M		M

		CIC Sensors		3.34						M		M				M		M

		Power  at Highest Operating Temperature		3.7						M		M				M		M

		Power at Highest Predicted Temperature		3.9						M		M				M		M

		Bypass Diode Functionality		3.15						M		M				M		M

		Bypass Diode Functionality at Hi Temperature		3.17						M		M				M		M

				"A" represents an analytical verification

				"I" represents verification by inspection

				"M" represents verification by measurement.
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