1.0	SCOPE


NASAÕs Low Cost Boost Technology Project has been tasked to enable propulsion technologies which will significantly decrease the cost of a launch vehicle.  One aspect of this project is the development of a low cost propulsion test article (PTA).  The Marshall Space Flight Center (MSFC) is currently designing a 60,000 lb thrust engine to be used on the PTA.  The PTA is to provide a test platform on which to test the low cost technologies.





This specification establishes the requirements for the design, fabrication, performance, and testing of the LOX Feedline Assembly, hereinafter referred to as the feedline.  The feedline will be installed on the feed system of the PTA.  The 60K engine is a LOX/RP-1 booster engine for the PTA.  The feedline is located between the LOX propellant storage tank discharge and the engine turbopump LOX inlet.


1.1	Content


This specification contains the minimum requirements which describe the component.  The intent is to allow the supplier to provide existing designs and procedures to the maximum extent possible.  Test sequence, test requirements, and procedures will be mutually agreed to by NASA/MSFC and the supplier, but are intended to allow the use of existing standard supplier documents to the maximum extent.


�
2.0	APPLICABLE DOCUMENTS, ABBREVIATIONS & DEFINITIONS


The following documents, the issue in effect on the date invitation for bids, or request for proposals are given, form a part of this specification to the extent specified herein.  In the event of conflict between documents referenced below and the detail content of this document, the requirements specified herein shall govern.  Safety documents are an exception to this rule; they take precedence over other requirements.  Tailoring of the government specifications and documents identified herein may be pursued by the seller to affect cost improvement as long as such tailoring does not compromise the intent of this specification and is approved by the buyer before implementation.





2.1	Government Documents


MSFC-SPEC-164B	Cleanliness of Components For Use In Oxygen, Fuel, 	And Pneumatic Systems, Specification For


MSFC-SPEC-250	Protective Finishes For Space Vehicle Structures 	And Associated Flight Equipment, General 	Specification For


MSFC-SPEC-522	Design Criteria For Controlling Stress Corrosion 	Cracking


MSFC-STD-506	Materials and Processes Control, Standard


MS33649	Bosses, Fluid Connector, Internal Straight Thread


MIL-STD-810	Environmental Test Methods


MIL-B-5087	Bonding, Electrical, and Lightning Protection for 	Aerospace Systems


MIL-P-27407A	Propellant Pressurizing Agent, Helium


MIL-PRF-25508F	Propellant, Oxygen


MIL-PRF-27401D	Propellant Pressurizing Agent, Nitrogen





2.2	Abbreviations





atm	atmosphere (e.g., 1 atm = 14.7 psi)


dB	decibel


emf	Electromagnetic Field


g	acceleration due to gravity (i.e., 9.8 meter/sec2 or 32 feet/sec2)


Gpk	Peak gs


Hz	hertz


lb	pound


LOX	Liquid Oxygen


mdp	maximum design pressure


oct	octave


psi	pounds per square inch


psia	pounds per square inch, abosolute


psig	pounds per square inch, gauge


rms	Root Mean Square


sec	second





3.0	REQUIREMENTS


3.1	Performance Requirements


3.1.1	Functional Description


The feedline is located between the LOX propellant storage tank discharge and the engine turbopump inlet and shall function as a passage for fluid transfer between the storage vessel and the engine.  In addition, the design will provide for fill/drain and dump lines to interface with the PTA test stand.  The piping system, as designed, is comprised of subassemblies connected by means of flanges.  The design attempts to utilize off-the-shelf components to the maximum extent, such as, standard schedule piping and fittings with little or no modification from the off-the-shelf configuration.


3.1.2	Fluids


The feedline shall be compatible and function with the following fluid mediums:  LOX per MIL-PRF-25508F, Helium per MIL-P-27407A, and Gaseous and Liquid Nitrogen per MIL-PRF-27401D.


3.1.3	Fluid Pressures


The feedline shall function within the following pressure ranges:





Flow Medium Nominal Operating Pressure:	0 to 70 psig


Flow Medium Maximum Pressure:	180 psig


3.1.4	Fluid Temperatures


The feedline shall function within the following fluid temperatures:





Flow Medium Temperature:			140 to 580° R  (-320 to 120° F)


3.1.5	Flow Capacity


The feedline shall provide the LOX flowrate of 140 lb/sec.  LOX conditions at the feedline inlet are as follows:





LOX Density:	70.94 lbm/ft3


LOX Temperature:	164° R  (-296° F)


3.1.6	Dynamic Stability


The feedline shall not exhibit any dynamic instability or element oscillation at the specified flow conditions and vibration environment.


3.1.7	Leakage


The following leakage values represent the maximum permitted leakage rates at the end of the component service life and do not represent new or recycled component sealing requirements.  The test fluid shall be water.





ELEMENT�
MAX LEAKAGE�
PRESSURE RANGE (psig)�
TEMPERATURE RANGE 


(° R / ° F )�
�
Feedline Flanges�
Bubble Tight�
0 to 180�
120° R to 580° R / 


-320° F to 120° F�
�
3.1.8	Cycle/Duration Life


The feedline shall meet the requirements specified herein after a duration of 62 minutes of engine operation, 150 cycles during engine operation, and 480 non-operational cycles.  A cycle is defined as the feedline going from empty to full of operating fluid.


3.1.9	Useful Life


The useful life of the feedline shall be 15 years of storage with the feedline in any position and stored in its shipping container.


3.1.10	Service


No special service requirements are permitted in the component over its useful life.





�
3.2	Design and Construction


3.2.1	Structural Criteria


3.2.1.1		Structural Verification Criteria


The feedline shall be designed for the following minimum verification pressures.


Lines and Fittings


Proof pressure (minimum): 1.5 x mdp specified in section 3.1.3.  


Burst pressure (minimum): 2.0 x mdp specified in section 3.1.3.


Gimbal Joints


Proof pressure (minimum): 1.5 x mdp specified in section 3.1.3.  


Burst pressure (minimum): 2.5 x mdp specified in section 3.1.3.


Flexhoses


Proof pressure (minimum): 2.0 x mdp specified in section 3.1.3.  


Burst pressure (minimum): 4.0 x mdp specified in section 3.1.3.





3.2.2	Physical Interfaces


Per drawings listed below:





LOX Feedline / Assembly Drawings�
�
Drawing #�
Title�
�
96M30135�
LOX Feedline Top Assembly�
�
96M30136�
LOX Feedline Sub-Assembly1�
�
96M30137�
LOX Feedline Sub-Assembly2/Pressure Relief�
�
96M30138�
LOX Feedline Sub-Assembly3�
�
96M30139�
Reducer, LOX Inlet�
�
96M30140�
LOX Dump/ F&D Line Assembly�
�
96M30120�
Feedline to Pre-valve Flange�
�
96M30121�
Modified ANSI Class 150 Flange�
�






3.2.3	Materials and Processes


Materials of construction shall meet the applicable material and process requirements of MSFC-STD-506, excluding sections 2.2, 2.3.1, 2.4, 2.5, 2.7, 2.8, and 3.9.   Tailoring of the government specifications and documents identified herein may be pursued by the seller to affect cost improvement as long as such tailoring does not compromise the intent of this specification and is approved by the buyer before implementation.


3.2.3.1	Properties


Material properties shall be based on MSFC-DOC-TBD.  Use of other material properties will be permitted subject to MSFC concurrence.  Minimum guaranteed values shall be used for mechanical properties (strengths) and typical or mean values for other physical properties.


3.2.3.2	Selection


Per drawings listed in section 3.2.2.


3.2.3.3	Processes


Processes used in the manufacture of the feedline shall be of high quality, suitable for the purpose, and shall conform to applicable specifications and requirements specified herein.


3.2.3.3.1	Welding


Per drawings listed in section 3.2.2.


3.2.3.4	Corrosion


The contractor shall apply acceptable corrosion prevention and control measures and insure that they are properly integrated during system definition, engineering development, and design.


3.2.3.4.1	Protective Finishes


Protective finishes shall be selected and applied in accordance with MSFC-SPEC-250.


3.2.3.4.2	Dissimilar Metals


Whenever dissimilar metals are in contact and a emf potential exists, protective finishes for controlling electrolytic corrosion shall be selected and applied per MSFC-SPEC-250.


3.2.3.4.3	Stress Corrosion


The feedline shall be designed to prevent stress corrosion.  Criteria for the selection of materials to control stress corrosion failures shall be in accordance with MSFC-SPEC-522.


3.2.4	Cleanliness


Parts in contact with LOX shall be cleaned per MSFC-SPEC-164B, Level 4A or equivalent.  Internal parts in contact with the pneumatic system shall be cleaned per MSFC-SPEC-164B, Level 4.  External surfaces shall be visually clean. Tailoring of the government specifications and documents identified herein may be pursued by the seller to affect cost improvement as long as such tailoring does not compromise the intent of this specification and is approved by the buyer before implementation.


3.2.5	Electrical Bonding


The feedline shall meet the applicable electrical bonding requirements of MIL-B-5087.





�
3.3	Environmental Criteria


The feedline shall operate in the following environments:


3.3.1	Natural


Thermal	Ambient temperature is 0 to 120° F


Pressure	1.0 atm external pressure


Humidity	0 to 100 % relative humidity


3.3.2	Induced


Random Vibration - All Axes


	10-600 Hz	@.01g2/Hz


	600-800 Hz	@ 11.4 dB/Oct


	800-2000 HZ	@ .03 g2/Hz


	Random Composite = 6.8 Grms





Superimposed Sinusoids


	5.3 Gpk 	@ 335 Hz


	7.0 Gpk	@ 1000 Hz


	7.0 Gpk	@ 2000 Hz





Thermal


	Fluid temperature -320 to 120° F for LOX





Internal Pressure


-.5 to 200 psig (varies throughout operation)





Acoustic Pressure


3 psi





�
4.0	VERIFICATION


4.1	Design and Construction


All parts, materials, processes, and procedures shall per drawings and shall not be changed without prior MSFC concurrence for Class I changes.


4.2	Design Verification and Acceptance


4.2.1	Design Verification Test


The design verification test sequence shall be determined by the supplier.  A portion or all design verification tests shall be deleted where appropriate test data are available and acceptable to MSFC.  Requirements of Section 3 not indicated below shall be verified by analysis, similarity, or inspection.


4.2.1.1	Flow Test


A flow test shall be performed to verify that the component meets the flow capacity requirements of section 3.1.5.  The flow test may be performed at ambient conditions.


4.2.1.2	Leakage Test


Leak tests shall be performed to verify that the component meets the leakage requirements specified in section 3.1.7.  The leakage tests shall be performed at ambient temperatures and over the range of pressure conditions specified.


4.2.2	Acceptance Test


The acceptance tests below shall be performed on all deliverable subassemblies.


4.2.2.1	Proof Pressure


The feedline shall be proof pressure tested per sections 3.1.3 and 3.2.1.1 to assure workmanship.  This proof test shall be performed at ambient temperature.


4.2.2.2	Leakage Test


Leak tests shall be performed to verify that the feedline meets the leakage requirements specified in section 3.1.7.  The leakage tests shall be performed at ambient and cryogenic temperatures and over the range of pressure conditions specified.


4.3	Test Procedures and Reports


Test procedures and reports shall be submitted to MSFC for approval.


4.4	Test Conditions


Unless otherwise specified, all measurements and tests shall be conducted within the following ambient conditions:





Temperature	60 to 80° F


Relative Humidity	10% to 90%


Pressure	atmospheric





Unless otherwise specified, test tolerances shall be as specified in 


MIL-STD-810.


�
5.0	QUALITY ASSURANCE REQUIREMENTS


The supplier shall implement a quality assurance program which incorporates the following controls.


5.1	Material Control


Controls shall be in place to ensure that all parts comply with materials specified  on the drawing.


5.2	Configuration Control/As-built Documentation


Controls shall be in place to ensure that the product is built to approved drawings, that all changes to the drawings are approved appropriately and incorporated, and that as-built documentation is provided with the data package.





Class I changes to documents require review and approval by MSFC.  A change shall be classified as a Class I when it affects the contractually specified form, fit, or  function of the item.   Class II changes shall be defined as changes other than Class I changes and may be implemented when the change is completed.  MSFC shall be informed of Class II changes but not require approval from MSFC.  


5.3	Nonconformance Control


A system shall be in place to document nonconformances, obtain disposition, and to ensure that nonconforming parts are not incorporated into the next higher assembly without written approval.





Nonconformances which affect the contractually specified form, fit, or function of the item shall require approval from MSFC.  Any other nonconformances shall not require MSFC approval.


5.4	Contamination Control


Parts and assemblies cleaned to MSFC-SPEC-164B, or equivalent, shall be maintained clean.


5.5	Process Control


Any processes which affect the quality of the product, and which cannot be verified by inspection, shall be controlled to the extent necessary to ensure proper application.


5.6	Inspection


Inspections shall be performed to the extent necessary to ensure compliance with drawings and specifications.


5.7	Calibration


All measuring and test equipment which requires calibration shall have a current calibration interval, and be traceable to the National Institute for Standards and Technology (NIST).  


�
6.0	PREPARATION FOR DELIVERY


6.1	Serialization


Serialization is required on each feedline assembly.


6.2	Identification


Each feedline subassembly shall be permanently identified by part and serial number.


6.3	Packaging and Shipping Container


The packaging and shipping container shall be consistent with meeting and maintaining the cleanliness requirement specified and protection of the product using standard commercial transportation.





EP43FDLINE-SPEC-02	LOX Feedline Assembly,	April 10, 1997


	Procurement Specification,


�	Propulsion Test Article (PTA1)	
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