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1.  INTRODUCTION

1.1 Scope

This Process Specification defines the construction, test, and performance requirements for the carbon fiber/cyanate ester composite solar array substrates that will be used on the High Energy Solar Spectroscopic Imager (HESSI) Program.  The vendor shall furnish all personnel, materials, equipment, and services which are required to manufacture, test, and deliver the hardware and data in accordance with the requirements of the engineering drawings and the documents referenced therein.

1.2 Classification

This specification and all of the work to be performed under this contract is unclassified.

2.  APPLICABLE DOCUMENTS

The following documents shall form a part of this document to the extent specified herein and as common practice for spaceborne equipment.  The revision in effect shall be the most recently dated version of this specification unless otherwise specified in the statement of work or contract.  In case of conflict between the requirements of this specification and any referenced document, the requirements of this specification shall govern.

2.1 Military Specifications and Standards

a.
MIL-STD-401
Sandwich Construction and Core Materials General Test Method

b.
MIL-STD-410
NDT Personnel Qualification and Certification

c.
MIL-C-7438
Core Material, Aluminum for Sandwich Construction

d.
MIL-STD-130D
Marking, Parts and Assemblies

e.
MIL-A-25463A
Adhesive, Film Form, Metallic Structural Sandwich Construction, with QPL

2.2 Industry Standards

2.2.1 American Society for Testing and Materials

a.
ASTM C 297
Tension Tests of Flat Sandwich Constructions in Flatwise Plane 

b.
ASTM D 903
Peel of Stripping of Adhesive Bonds

2.2.2 American Society of Nondestructive Testing

a. SNT-TC-1A
Personnel Qualification and Certification (ASNT) 

2.3 Drawings

a.
DM-112126
Solar Array Panel Substrate, Outboard.

b.
DM-112128
Solar Array Panel Substrate, Inboard.  

3.  REQUIREMENTS

3.1 Equipment

3.1.1 Contamination Control

All equipment used to process the substrates shall be free of foreign material so that the finished product shall conform to the requirements of this document.  Fabricator shall provide internal documentation that governs the cleaning policy and/or certification of cleanroom classification.

3.1.2 Calibration of Measurement Equipment

All equipment used to measure physical parameters such as temperature, pressure, or load, shall be in good working condition and be current with calibration and maintenance cycles, and calibrated with standards traceable to NIST.

3.2 Materials

3.2.1 Carbon Fiber/Cyanate Ester Resin Prepreg

This specification establishes the requirements for unidirectional high strength and ultra-high modulus graphite material impregnated in a cyanate ester resin matrix.  The laminate configurations are specified on drawings 
DM-112126 and DM-112128.

The product to be used is identified by the vendor designation M55J/RS3 per YLA MS 8011 and is manufactured by YLA, Inc. Benicia, California,. CAGEC: 029B0

Material supplied to this specification shall be certified by the manufacturer as meeting the requirements of YLA MS 8011.

3.2.2 Honeycomb Core

The honeycomb core used on the substrates shall be 0.500 inch thick, 1/8-5056-0007P-3.1 PCF perforated aluminum core per the requirements of MIL‑C‑7438.  The core material shall be visually inspected to conform to the requirements below:

Type of Defect


Mismatched Nodes
90

Loose Metal or Flakes
45

Delaminated or Unbonded Nodes
2

Split Cell Walls
0

Buckled Cell Walls
0

All defects in areas that will be completely removed by trimming during further processing of the substrate may be disregarded. 

3.2.3 Adhesive, Film, Structural Sandwich Bonding

The adhesive used in assembling graphite/polycyanate honeycomb sandwich panels shall conform to the requirements of MIL-A-25463A.  The product to be used is identified by the vendor designation EX-1543-U, and is supplied by BRYTE. The adhesive is a cynate ester unsupported film adhesive, 0.02 pounds per square foot. The vendor shall provide material certifications including date of manufacture, lot or batch number and shelf-life information.

3.2.4 Adhesive, Epoxy, Insert Bonding

The adhesive used to bond structural inserts into the substrates shall be identified by the vendor designation EA9396 mixed per vendor specification with 0.005 micro-beads.  EA9396 is supplied by Dexter Hysol.  The adhesive used to bond grounding inserts into the substrates shall be identified by the vendor designation 56C silver-filled adhesive.  56C epoxy is supplied by Emerson & Cuming.

The vendor shall provide material certifications, including date of manufacture, lot or batch number and shelf-life information.

3.2.5 Film, Non-adhesive

The film used to provide an insulative layer on one of the facesheets shall be a Kapton type VN film, 0.002 inches thick and corona treated on both sides to improve surface adhesion.  The vendor designations of acceptable Kapton films are 200HPP-ST or FPC 200.  These Kapton films are supplied by DuPont.  The vendor shall provide material certifications, including date of manufacture, lot or batch number and shelf-life information.

3.2.6 Tape, Kapton

The tape used to repair the insulated facesheets and to use for edge closeouts shall be commercially available Kapton tape, two inches wide and 0.0028 inches thick.  Vendor designations of acceptable Kapton tape are 3M, part number 1205 or Fralock, part number T188-2/1.  The vendor shall provide material certifications, including date of manufacture, lot or batch number and shelf-life information.

3.2.7 Foam, Epoxy

The epoxy foam used to densify the core in the areas where subsequent hinges and release mechanism brackets will be mounted shall be identified by the vendor designation EX1541.  This foam is between 10 and 12 pounds per cubic foot epoxy with high tensile strength and cures at 350 ( F.  This material is supplied by BRYTE.  The vendor shall provide material certifications including date of manufacture, lot or batch number and shelf-life information.

3.2.8 Primer, Insert

All bond surfaces of inserts shall be primed using BR127 single component sprayable epoxy based primer.  BR127 is available from American Cynamide Co.  Primer shall have a dry thickness of .0001 to .0003 inch.  The vendor shall provide material certifications, including date of manufacture, lot or batch number and shelf-life information.  

3.3 Process Controls

3.3.1 Fabrication of Facesheets

The vendor shall employ standard in-house process controls to insure the facesheets meet the requirements of this specification.  All relevant documented procedures specifications or process planning shall be provided for review prior to initiation of fabrication.

3.3.2 Facesheet to Core Bonding

Bond facesheets to core using film adhesive per Paragraph 3.2.3.  Film overlap up to 0.5 inch where required.  Core ribbon direction shall be within ±10 ( from orientation specified on engineering drawing. 

3.3.3 Kapton on Cell Side Facesheet

Prime Kapton using BR127 primer, as required, so that final substrate meets the requirements of this document. Primer shall have a dry thickness of .0001 to .0003 inch.  Tape may also be used for dielectric touch-up by lightly abrading the area, IPA wipe, 15-minute minimum air dry, and applying tape to the area trimmed to provide 0.25 inch minimum overlap.

3.3.4 Facesheet Cure

Prepare tool, part, caul, bag, and thermocouples per standard shop practice.  Temperatures indicated should be read from the lagging thermocouple.

a.
Place vacuum bag assembly in autoclave

b.
Apply vacuum of 25 inches of mercury minimum and check bag for leaks.

c.
Heat part at 2-5 ( F per minute to 250( F.

d.
Hold part at 250 ± 5( F for 15 to 20 minutes.

e.
Apply 100 +5/-0 psi to autoclave chamber.

f.
After the autoclave has reached 100 psi, hold part at 250 ± 10( F for an additional 45 ± 5 minutes.

g.
Heat part at 2 to 5( per minute to 350( F.

h.
Hold part at 350 +10/-0 ( F for 120 ± 15 minutes.

i.
Turn off heat and allow part to cool at autoclave rate (not to exceed 5( F per minute)

j.
When chamber cools below 175( F, release autoclave pressure and vent vacuum.

3.3.5 Panel Cure

Prepare tool, part, caul, bag, and thermocouples per standard shop practice.  Temperatures indicated should be read from the lagging thermocouple.

a.
Place vacuum bag assembly in oven.

b.
Apply vacuum of 10-15 inches of mercury and check bag for leaks.

c.
Heat part to 350 +10/-0( F.  Heat rate to be limited so that facesheets do not vary in temperature from each other by more than 10( F.  Maximum heat rate is 6( F per minute.

d.
Hold part at 350 +20/-10( F for 100 +10/-0 minutes.

e.
Cool part to 150( maximum and release pressure.  (Do not allow facesheets to vary in temperature from each other by more than 10( F)

f.
Heat part to 375 +10/-0( F.  Heat rate to be limited so that facesheets do not vary in temperature from each other by more than 10( F.  Maximum heat rate is 6( F per minute.

g.
Hold part at 375 +10/-0 ( F for 60 +15/-0 minutes.

h.
Turn off heat and allow part to cool at oven rate (not to exceed 5( F per minute)

3.3.6 Secondarily Bonded Inserts

Secondarily bonded inserts shall be locked into place so that they are unable to rotate or translate in the panel. The surface of the insert shall be flush with the panel surface within –0.001 to +0.003 after installation.  Threads and through holes shall be free of residual adhesive.

3.4 Substrate In-process Testing Requirements

3.4.1 Visual

Substrates shall be 100% visually inspected and shall show no signs of fractured fibers, delaminated plies, missing or loose fibers or dents.  Surface scratches or gouges shall not be greater that 0.5 inch long, 0.05 inch wide and 0.005 inch deep.  There shall be no visual evidence of foreign material inclusions such as dirt or metallic shavings exceeding a dimension of 0.125 inches in length, with no more than one such inclusion in 6 linear inches of part.  Delaminated or poorly consolidated areas shall be cause for rejection of the part.  Machined parts shall be cut smooth with no broken or delaminated fibers in excess of 0.03 inch or sharp machining notches along edges, holes or cutouts.  All defects can be discounted in areas that will be completely removed by subsequent machining.

3.4.2 Flatness

Flatness of the panel shall conform to .010 inch in any 12.0 inch length and .040 inches overall.  Flatness shall be measured in a 4.0 inch grid over the entire panel and be calculated by the difference in the readings of the local maximum and minimum heights of the outer panel surface above the reference table surface.  Flatness is allowed to exceed these values only in areas of Kapton splices or dielectric touch-up, where the flatness requirement may be exceeded by the thickness of Kapton used.

3.4.3 Mass

The substrate shall be weighed and the weight shall be recorded in the process planning records.

3.4.4 Cured Facesheets

Facesheets shall meet the requirements presented in paragraph 3.2.1 for fiber and void volume.  Ply orientation shall be within 2 ( of nominal as specified in the design documentation.
3.4.5 Honeycomb Panel Bond Strength

Three test samples from each panel fabricated shall be tested per MIL-STD-401 (or ASTM C 297) with the following exceptions:

a.
Tests shall be performed in a standard shop environment

b.
The detailed test report is not required.  The test report shall include as a minimum, the specimen identification, crosshead speed, failure stress and failure mode.

Test value shall not be below 150 psi.

3.4.6 Honeycomb Panel Bond Voids

Facesheet to core bonds shall be inspected for voids using non-destructive test methods.  Personnel performing these tests shall be certified to MIL-STD-410 or SNT-TC-1A.

Facesheet to core bond defects shall have no discernable voids or disbonds greater than one cell width.  Spacing between defects shall not be less than 6.0 inches nor have a density of more than 3 within a 100 square inch sector surrounding the center point of the defect cluster.  No defect shall be within 3.0 inches of a cutout as measured from the defect edge. 

3.4.7 Kapton Adhesion

Kapton adhesion peel strength shall be tested per ASTM-D-903 and shall be greater than or equal to 2 lbf/in or a Kapton failure.

3.4.8 Kapton Visual

The laminate shall be free of tears and wrinkles, and shall be bonded over its entire area.  The presence of scattered, minute bubbles and/or specs shall not be cause for rejection.  Clusters of such imperfections and individual ones larger than 0.125 inch in diameter and/or .005 inch in height shall not be acceptable.

3.4.9 Substrate Dielectric Isolation

Substrate dielectric isolation shall be measured for the entire Kapton surface to within 0.10 inches of all edges (the perimeter of the panel and the edge of the R&R holes).  The isolation shall be 50 mega ohm minimum at 250 ± 10 volts between the outer Kapton surface and the substrate core.  Areas not meeting this requirement shall be visually examined using 10X magnification.  Evidence of trapped particles beneath the Kapton, manufacturing defects or damage to the substrate shall be cause for rejection.  Otherwise, touchup of the Kapton isolator may be performed per Paragraph 3.3.7 only if the affected area is less that 0.05 inch in its largest dimension and there are no more than three areas of failure and no two areas are closer than 1.0 inch to each other.

3.4.10 Substrate Grounding

Electrical continuity between ground inserts and an exposed edge of the substrate core shall be less than 20 K ohms.

4.  QUALITY ASSURANCE PROVISIONS

4.1 General

The requirements of Section 3 herein shall be verified by test.  The tests shall include verification of the characteristics as agreed to by Spectrum and the supplier.

4.2 Identification

Identification on the solar array substrates shall include the following information:

a.
Part Number

b.
Serial Number 

Marking shall conform to MIL-STD-130D and be located approximately as shown on the engineering drawing.

4.3 Materials, Processes, and Parts

The use of parts, materials, and processes shall be according to this specification.  Use of non-conforming materials, processes, or parts must be approved by Spectrum.

4.4 Workmanship

All non-conforming material actions must be coordinated with Spectrum Astro cognizant engineering.

4.5 Documentation

Final data package shall include as a minimum:

a.
All material certifications.

b.
All data recorded during the part processing.

c.
All test results.

d.
All non-conforming material reports including rework and repair process planning.
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