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26 August 1998
Initial release.
All

A
16 September 1998
3.3.6 changed 0.25” to 0.35”.
4, 6, 8, 10



3.4.1.8 Deleted magnetic field requirement




4.7 Deleted rate requirement – now TBS




Figure 3-3.  Solar Panel Dimensions and Cell Stayouts


B
13 November 1998
1.1 Changed 10 panels to 8
1



3.3.2 Changed aluminum to graphite substrates
3



3.3.2.2 Changed Mylar to backside drawing
3



3.3.7 Corrected pin and socket designation
4



Figure 3-2 swapped A for B and B for A
5

c
23 February 1999
3.3.1 Removed Temperature Sensors
3



3.3.2 Added last sentence re. wire pigtail
3



3.3.2.2 Removed SCT, added paint spec.
3



3.3.3 Changed "in"  to "inch  thick"
4



3.3.8 Change to read "backside of outer panel" vs. "backside of front facesheet on each solar array panel directly opposite a solar cell near the middle of the panel (i.e., not between two solar cells)", deleted: "The sensor shall be provided by Spectrum Astro, Inc. It shall be the responsibility of the seller to counterbore and / or drill the solar array substrates as required for assembly", added: "This sensor shall be installed by Spectrum Astro, Inc. after delivery of the solar panels by the seller", added sentence regarding pigtail
4
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RELEASE DATE
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C

Fig. 3-1 Deleted inboard temperature sensor, changed outboard temperature sensor to Temperature Sensor 1, added damper heaters Fig 3-2 Corrected p/n
5



Fig 3-4 Replaced with latest backside wiring diagrams
7



3.4.1.10 Changed "seller" to "Spectrum Astro", changed front facesheet to backside, added outboard
8



4.5.4 Deleted words, replaced with: Not required
10



Table 3-1 Updated backshell p/n to delete cadmium plate, replace with nickel plate
4

D
9 June 1999
3.4.2.1 Change 5.716kg to 6.028kg
9



3.4.2.2 Deleted reference to Figure 3-2 
9



Added Figure 3-3 and Figure 3-4.
5, 6



3.3.6 Delete "and a single temperature …. for each SAP"

Add ", a twised pair …. for  damper heaters."
4



3.3.8 Change Figure reference to Figure 3-4
4



Figure 3-1 Changed Pins to Sockets on J3 and Sockets to Pins on J4
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1.  INTRODUCTION

1.1 Scope

This specification establishes the performance, design, manufacturing, and test requirements for the Solar Array Panels (SAP) to be used on the spacecraft bus for the HESSI Program.  Eight (8) complete panels will be required with an additional 50 Coverglassed Interconnected Cells (CIC’s) and 50 cover slides to be provided as a repair kit.  The solar arrays provide the primary source of unregulated power for the HESSI spacecraft.

1.2 Classification

The project and all of the work to be performed under this subcontract is unclassified.

[image: image10.wmf][image: image2.wmf]
Figure  1-1.  HESSI Configuration

2.  APPLICABLE DOCUMENTS

2.1 General

The following documents, in addition to those specified within the HESSI Component Verification Specification 1104-EW-Y07869, shall form a part of this document to the extent specified herein and as common practice for spaceborne equipment.  In the event of a conflict between the text of this specification and other referenced documents, the following order of precedence shall apply:

a.
Purchase Order (PO)

b.
Statement of Work (SOW)

c.
Product Function Specification (PFS)

d.
Interface Control Drawing (ICD)

e.
Component Verification Specification (CVS)

f.
Other referenced standards or specifications

g.
Referenced Guidance Documents

h.
Best Commercial Practice

2.2 Specifications and Drawings

a.  1110-EW-Y09781
HESSI Component Verification Specification

b.  1110-EZ-W10938
HESSI Solar Array Panel Statement of Work

3.  REQUIREMENTS

3.1 Item Definition

The Solar Array Panels (SAPs) are part of the Solar Array (SA) which provides the primary power for the HESSI spacecraft.  The Solar Array consists of four (4) Solar Array Wings (SAWs), and each Solar Array Wing consists of two (2) Solar Array Panels.  The Solar Array Panels are mechanically connected to each other and the spacecraft structure by hinges which allow the wings to stow for launch.  After the launch phase, the Solar Array will be deployed.  The spacecraft is spin stabilized and sun pointed during normal in orbit operations, and the Solar Array Panels are oriented so that the solar cell side of the panel is facing the sun.  

3.2 Interfaces

3.2.1 Physical Interfaces

Two (2) solar array panels shall be connected together to form the structure of a solar array wing.  The physical interface between the inner and outer panels and interface between the inner panel and the spacecraft consists of hinges, which attach to the edges of the panels.  These hinges will be provided by and installed by Spectrum Astro, Inc. after delivery of the SAPs.  The outboard edge of the outer panel also has a mechanical interface with spacecraft balance weights, which will also be provided and installed by Spectrum Astro, Inc. after delivery of the SAPs.  

3.2.2 Electrical Interface

Connectors shall be the electrical interface for each panel and will provide for power and telemetry connections.  

3.2.3 Thermal Interface

The solar panel shall be cooled by radiating any heat generated on the panel to space.  Maximum thermal conductivity is required between the solar cells and the backside thermal finish.

3.3 Characteristics

3.3.1 Configuration

Each SAP shall consist of a mechanical substrate supplied by Spectrum Astro Inc., and an electrical assembly provided by the seller consisting of solar cells, diodes, feedthroughs, electrical connectors and wiring.  The seller shall be responsible for the electrical design of the solar array panels.  

3.3.2 Substrate

Eight (8) Solar Array Panel substrates (four (4) inner panel and four (4) outer panel substrates) shall be provided by Spectrum Astro, Inc. and will consist of graphite epoxy facesheets on 0.500 in aluminum honeycomb.  The dimensions of the substrates and the solar cell keep-out locations on the front side of the substrates are shown in Figure 3-2.  The back side solar array panel layouts, including electrical connector locations, wiring routing and the planned temperature sensor locations are shown in Figure 3-4.  The seller shall provide a wire pigtail at each of the outer panel temperature sensor locations and the root hinge (spacecraft) and midline hinge locations on the inner panel for the damper heaters, no less than 2 feet in length.

3.3.2.1 Insulation

All substrates shall be insulated from the solar cell circuitry by 0.002 in (minimum) Kapton.  The substrates will be delivered to the seller with Kapton insulation applied.  

3.3.2.2 Back Side Finish

All substrates shall have Aeroglaze A276 white paint applied to the back side for  thermal properties.  The paint will be applied to the substrates prior to delivery to the seller for electrical assembly.  The paint will not be applied to the areas of the substrates where wiring will be routed and where electrical connectors and temperature sensors will be bonded to the panels per Figure 3-4.  The seller shall provide a dimensioned drawing of the backside wiring of the inner and outer panels.  These drawings will be used by Spectrum Astro, Inc. to define keep-out areas during painting.

3.3.3 Solar Cells

The SAPs shall incorporate silicon K6700 BSFR 10 ohm-cm solar cells.  The solar cells shall be assembled onto the Kapton insulating layer of the substrates according to the supplier's existing space-qualified procedures.  Each cell to be mounted on the panel substrates shall be covered with a space-qualified, optically transmissive 0.005 inch thick ceria-doped coverglass to increase the thermal emittance of the cell, minimize reflections, and provide radiation protection.  The size of each individual photovoltaic cell shall be 3.48 cm x 7.49 cm. Each panel shall  provide 2 circuits with 87 cells per circuit and 174 cells per panel.

3.3.4 Solar Cell Interconnects

The materials, methods, and processes used to fabricate the solar panels and interconnect cells shall be selected from a space qualification legacy which has been successfully qualified to a minimum of 17,000 thermal cycles from - 85°C to + 85°C.  All connections to the solar cells, solar cell interconnects and panel wiring shall be soldered, unless otherwise approved by Spectrum Astro, Inc.  

3.3.5 Diodes

3.3.5.1 Blocking Diodes

Blocking diodes (p/n: JANTXV1N5811) shall be provided for each string to protect against string reverse biasing. 

3.3.5.2 Bypass Diodes

Bypass diodes (p/n: JANTXV1N5811) shall be provided to protect the solar cells from damage due to shadowing which may occur during early orbit operations.  Three bypass diodes shall be provided per circuit with the longest string being 30 cells.  Six diodes shall be provided per panel.

3.3.6 Wiring

The seller shall provide wires for power and power return (2 wires positive, 2 wires negative, 8 wires total per panel), a twisted pair shielded wire on the outboard panels for temperature sensors and a twisted pair of wires at the root hinge an the panel hinge line for damper heaters. Each SAP shall also have 6 wires for carrying sun sensor signals from 2 Coarse Sun Sensors (CSS) mounted on the outboard end of each wing.  Each CSS shall require a twisted shielded pair connection.  Additionally, the inner panels shall have wiring to carry the signals and power from the outer panels to the spacecraft.  The maximum allowable height of any component or combination of components (i.e. connector, terminal board, diode, wiring, etc.) attached to the rear of a SAP shall not exceed 0.35 inches as measured from the facesheet.  The electrical interconnections of the SAPs are shown in the wiring diagram Figure 3-1.  

3.3.7 Electrical Connectors

All solar panel wiring shall be terminated in connectors mounted at the inboard edge of the inner panels for connection to the spacecraft bus, and at the outboard edge of the inner panels and the inboard edge of the outboard panels for connections between inboard and outboard panels, and at the outboard edge of the outboard panels for connection to the coarse sun sensors as shown in wiring diagram Figure 3-1.  The connectors on the inboard edges of each panel shall have pin contacts, and the connectors on the outboard edges of the solar panels shall have socket contacts.  Connector part numbers shall be as listed in Table 3-1.  Connectors shall be bonded to the solar array panels by the seller.  

Table  3-1.  Solar Array Electrical Connectors


Shell:
Insert:

Plugs
MTC100-JH1-P22
MTCP-122-20P

Receptacles
MTC100-JH1-R22
MTCP-122-20S

Connectors Manufactured by Raychem Corporation

3.3.8 Temperature Sensors

One temperature sensor shall be mounted on the back side of the outer solar array panel.  The temperature sensor location is shown in Figure 3-4.  This sensor shall be installed by Spectrum Astro, Inc. after delivery of the solar panels by the seller.  It shall be the responsibility of the seller to provide a pigtail no less than 2 feet in length at the location near the temperature sensor location.
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Figure  3-1.  Solar Panel Wiring Diagram
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Figure  3-2.  Solar Panel Connector Key
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Figure  3-3.  Solar Panel Dimensions and Cell Stayouts
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Figure  3-4.  Solar Panel Back Side Layouts

3.4 Functional Capabilities and Performance

3.4.1 Electrical Characteristics

3.4.1.1 Output Voltage  

The solar array panels shall be designed to produce power at 34.0 volts.  This voltage shall be used for all power predictions and analyses.  

3.4.1.2 Mission Orbit

The solar array panels shall be designed to operate in a 600 km x 600 km orbit with a 38° inclination.  

3.4.1.3 Mission Life

The solar array shall be designed to operate for three (3) years in the mission orbit.  

3.4.1.4 Launch Date

The solar array shall be designed for a mission launch date of 4 July 2000.  

3.4.1.5 Wing Output Power

The output power of each SAW shall be 126 watts minimum at the specified output voltage at End of Life (EOL) in the mission orbit when the sun is normal to each panel.  This power requirement includes power losses in blocking diodes and wiring.  

3.4.1.6 Array Output Power

The solar arrays shall produce 505 watts EOL minimum at the specified output voltage at three years End of Life (EOL) in the mission orbit with the sun normal to each panel.  This power requirement includes power losses in blocking diodes and wiring.  

3.4.1.7 Magnetic Dipole Moments

Electrical layout and wiring of the solar array shall minimize the magnetic dipole moments created by active or residual fields.  The magnetic moment of each solar array wing shall not exceed 0.06 amp-meter2. 
3.4.1.8 Circuit Isolation

All solar cell circuits shall be isolated from the substrate core by a DC insulation resistance of 1 M minimum.

3.4.1.9 Solar Array Power Prediction Analysis

The seller shall perform an analysis to predict the steady-state and post-eclipse transient solar array output power in orbit at beginning of life, 1 year, 2 years, and 3 years in orbit.  These predictions shall include the solar array output power at the voltage specified in paragraph 3.4.1.1 as well as the I-V characteristics of the solar array.  The prediction factors used in the analysis shall be provided with the results of the analysis. 

3.4.1.10 Telemetry

A single temperature sensor of the platinum Resistance Temperature Device (RTD) type shall be placed by  Spectrum Astro on the back side of  the outboard substrate panel as per paragraph 3.3.8.

Table  3-2.  Solar Array Power Prediction Factors and EOL Power at 58 deg C
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3.4.2 Physical Characteristics

3.4.2.1 Mass Properties

Each SAPs add-on mass, above that of the substrate, shall not exceed 0.753 kg.  Each solar array wing (one inner and one outer panel) add-on mass shall not exceed 1.507 kg.  The total array (4 wings) add-on mass, above that of the substrate, shall not exceed 6.028kg.  The location of the center of mass of the panel shall be provided with a tolerance of 5.0 cm.

3.4.2.2 Physical Envelope

The dimensions of the inner and outer panel substrates including keep out zones are shown in Figure 3-3 and Figure 3-4. 

3.4.2.3 Thermal Characteristics

The solar array panels shall meet their performance requirements at 58 deg C.

4.  Environmental, Test and Analysis

4.1 General

The general quality provisions for this subcontract shall be as defined in CVS.  The requirements of Section 3 herein shall be verified by test.  The tests shall include verification of functionality and selected performance characteristics as agreed to by Spectrum Astro, Inc. and the quality assurance provisions shall be in accordance with the CVS, unless specified otherwise by the seller.

4.2 Responsibility for Tests

Unless otherwise specified in the contract, the supplier shall be responsible for providing all facilities, equipment, tools, software, test articles, etc., for conducting all tests and recording and processing all data necessary to satisfy the test requirements.  Spectrum Astro, Inc. reserves the right to witness tests, perform inspections, and review data deemed necessary to assure that the unit conforms to prescribed requirements.  Accordingly, the supplier shall advise Spectrum Astro, Inc. 48 hours before tests are to be conducted so that a representative may be present, if so desired.

4.3 Protoflight Qualification Tests

The supplier shall perform Protoflight Qualification Testing of the unit in accordance with the guidelines established in the CVS.

4.4 Acceptance Testing

The supplier shall perform Acceptance Testing of the unit in accordance with the guidelines established in the CVS.  Acceptance tests may be run to the protoflight qualification levels if it is deemed more cost effective for the supplier.

4.5 Functional Testing

Functional tests are required to verify that the electrical and mechanical performance of the unit meets the requirements stated in Section 3 of this Product Function Specification.  Electrical tests include (but are not limited to) application of expected voltages and waveforms at the electrical interfaces of the unit. The functional testing summarized in Section 4.5 represents required testing approaches that shall be addressed in the suppliers functional test procedure for the unit.  Other functional testing is also required to demonstrate compliance with the requirements of the PFS Section 3.

4.5.1 String Isolation Check

Tests shall be conducted to verify that the positive and negative sides of the solar cell strings are isolated from the substrate.

4.5.2 Continuity Test

The continuity of all wiring and solar cells on the SAP shall be verified.

4.5.3 Diode Performance Test

The forward voltage and reverse leakage current of each blocking diode shall be measured at 28°C ±2°C and recorded.

4.5.4 Temperature Sensor Measurement

Not required. Continuity of the pigtail wiring shall be verified.

4.6 Special Tests

Beginning of Life (BOL) electrical performance for the SAPs shall be verified by testing each string independently using appropriate test equipment and standard test methods.  The supplier shall provide circuit acceptance data for each circuit in the form of a Current versus Voltage (I-V) curve with the acceptance data point and the peak power point identified.  Corresponding tabular data shall also be provided.

4.7 Thermal Cycle Temperature Profile

The thermal cycle test shall be performed as specified in the CVS using the temperature profile shown in Figure 4-1.  Functional testing to be performed at the temperature extremes shall consist of resistance measurements to verify integrity and continuity.  Transitions between temperature extremes shall be at an average rate of 50 deg C per minute.




Figure  4-1.  Thermal Cycle Temperature Profile

5.  QUALITY ASSURANCE PROVISIONS

5.1 General

The requirements of Section 3 herein shall be verified by test and/or analysis.  The tests shall include verification of functionality and selected performance characteristics as agreed to by Spectrum Astro, Inc. and the seller.
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