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PART 1
SUMMARY OF WORK

**************************************************************************

NOTE:  This section provides a general description of the work required within this project.
**************************************************************************

1.1 SUMMARY

The following is a general description of the products required.  It is a scope of work to satisfactorily complete the modeling, design, and manufacture of Zylon Spherical Composite Overwrapped Pressure Vessels (COPVs).  Any exceptions to the requirements in this specification must be stated in writing and submitted with the contractor’s quote.

1.2 Background

COPVs are used in aerospace applications for propellant and actuation pressure storage.  The components offer higher strength to weight ratios than comparable metal vessels.  Vessels have been conventionally over-wrapped with Kevlar or Carbon fibers.  One concern with this technology is stress rupture and failure as a result of impact damage. Polybenzoxazole (Zylon) is an emerging fiber being used to over-wrap thin liners.  This fiber shows promise to have a high strength and improved impact resistance.  A program is needed to evaluate Zylon composite vessels.

1.3 Product DESCRIPTION
1.3.1 General
These vessels are not flight hardware but the test results shall be used for flight hardware decisions.  The basic philosophy of design, fabrication, test, and inspection is per ANSI/AIAA S-081-2000, although strict adherence to this document is not a requirement. 


1.3.2
Spherical COPVs
Spherical COPVs are needed for impact testing at White Sands Test Facility (WSTF).  The vessels shall have a thin permeation barrier and shall be over wrapped with Zylon fiber.  The design must allow for rigid support during impact testing.
1.4 schedule of work
All work for Phase I and Phase II shall be completed within the following time frames:

Phase I:
Perform modeling, design and manufacture of a Spherical qualification/acceptance COPV.  The period of performance for Phase I is six months after contract award.

Phase II:
Upon NASA approval of Phase I, manufacture 15 Spherical COPVs.  The period of performance for Phase II is nine months after contract award.

1.5 WORKMANSHIP

All products shall be designed as described in PART 2 - PRODUCTS.  Acceptance testing witnessed by NASA/WSTF personnel shall be required prior to the shipping of the COPVs.

1.6 PROBLEM REPORTING

Any problem with the completion of this contract or the hardware defined shall be conveyed to the NASA customer within two working days of identification.  

PART 2 
 PRODUCTS

2.1 DESIGN REQUIREMENTS

2.1.1 Maximum Design Pressure: 6,000 psi at 200 oF


2.1.2 Design Burst Pressure: 9,000 psi minimum


2.1.3 Design Safety Factor: 1.5 to 1.8 based on ultimate fiber strength


2.1.4 Aluminum liner: 6061-T62 (may be formed and/or welded)


2.1.5 Over wrapped with Zylon fiber with wrap pattern established during development phase


2.1.6 Service Life: 10 cycles minimum, design for a 4 times fatigue life (40 cycles minimum) per AIAA S-081 


2.1.7 500 cubic inches +/- 15% internal volume 
2.1.8 SAE AS5202-08 boss fitting on each end 


PART 3 EXECUTION
3.1 INSPECTIONS

Inspections shall be performed at all key manufacturing points.  Inspections shall be at the discretion of the contractor to ensure compliance to design.  Final visual inspection shall be conducted and reports made available to NASA.

3.2 METHODS OF NON-DESTRUCTIVE INSPECTION (NDI)

3.2.1 Radiography

All liners shall be radiographed per ASTM E1742, Standard Practice for Radiographic Examination, prior to over wrapping to screen for defects.  Acceptance criteria shall be per ASME B31.3, Table 341.3.2, Severe Cyclic Conditions, with the criteria used for both welded and un-welded portions of the liner.  No defective liners shall be used for production components.


3.2.2 Proof Testing 

Hydrostatic proof testing shall be performed on each vessel to 125%   (-0/+3%) of the 6,000 psi rated working pressure for a minimum of ten minutes.  This pressure test shall not be part of the production process and shall be performed after autofrettage.  

3.2.3 Visual Inspection (VI)

VI for cracks and other discontinuities shall be performed, using a magnifying lens of 5X power, to discern indications or defects.  External visual inspection shall be performed on each COPV to ensure compliance to design criteria and confirm defect free surface conditions.  Internal inspections shall be performed after the pressure qualification test to ensure no liner buckling has occurred.

3.3 BURST TESTING

Burst testing shall be conducted to ensure that the COPV batch lot meets design criteria.  If the burst pressure is less than 9,000 psi, the entire lot shall be unacceptable.  Burst testing shall be conducted on a minimum of two test articles at the end of any lot production run.  The burst pressure of all test articles must be within a ± 3% range.  This burst test shall be witnessed by NASA/WSTF personnel.  The resulting burst data shall be made available to NASA.

3.4 MARKING

Permanent marking shall be provided on each unit constructed and include the manufacturer, part number, date of manufacture, and serial number.  All vessels shall have independent serial numbers.
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3.5 SHIPMENT 
Shipment of the COPVs shall be the responsibility of the contractor.  Shipment containers shall be constructed in such a way to prevent damage to the COPVs during transportation to WSTF.  Receipt of the COPVs shall not be official until after receipt and inspection at NASA WSTF.

3.6
DOCUMENTATION

Vessel drawings and/or sketches shall be provided.  Documentation shall include design calculations, liner material, liner inside dimensions, pressure port configuration, winding schedule, and winding tension.  

3.7
TEST REPORT

A report (including results of all Non-Destructive Evaluations, pressure qualification tests, material certifications, etc.) shall be signed by an official authorized by the contractor and submitted with the vessels.

3.8
GUARANTEE

Materials and workmanship furnished by the Contractor shall be guaranteed for a period of 12 months from the date of final acceptance by NASA.  

3.9
FINAL ACCEPTANCE

Final acceptance shall be based on the receipt, inspection and acceptance of the COPVs by WSTF personnel.  In addition, final acceptance includes the receipt, review, and approval by NASA of the documentation and test data submitted by the contractor. 


