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INTRODUCTION

1.1 Purpose

This document establishes the minimum technical requirements for the accumulators to be purchased for the Fluids and Combustion Facility (FCF) project.  The intent is to allow the Seller to use existing designs and procedures to the maximum extent possible.  The water accumulator (herein denoted as “accumulator” or “unit”) is required to provide protection against thermally induced over-expansion for liquid filled flight hardware.  This protection is needed during periods of storage & transportation when the ambient temperatures fluctuate causing expansion/contraction of the fluid in the water-filled hardware.  The accumulators will be disconnected from the hardware prior to the hardware’s connection to the water-cooling loop on-orbit.

1.2 Scope

This specification establishes the requirements for the design, fabrication, performance, and testing of water accumulators.  The accumulators are required to support the storage and transportation of various water-cooled hardware destined for the FCF racks installed in the International Space Station (ISS). 

2.0 REFERENCES
2.1 Reference Documents

The following documents form a part of this specification to the extent specified herein.  The revision in effect on the date of invitation for bids, or request for proposal, shall apply.  The contents of this document shall take precedence in the event of a conflict between documents reference herein and the contents of this specification, with the exception of safety requirements, which take precedence over this specification.

	Document Number
	Document Title

	MIL-STD-129
	Marking for Shipment and Storage

	MIL-STD-130
	Identification Marking of U.S. Military Property

	MIL-STD-889
	Dissimilar Metals

	MSFC-HDBK-527
	Materials Selection List for Space Hardware Systems

	MS33649
	Bosses, Fluid Connection - Internal Straight Thread

	NASA-STD-5003
	Fracture Control Requirements for Payloads Using the Space Shuttle Program

	NPG-6000.1
	Requirements for Packaging, Handling, and Transportation for Aeronautical and Space Systems, Equipment, and Associated Components

	SN-C-0005
	Space Shuttle Contamination Control Requirements

	SSP-30233
	Space Station Requirements for Materials and Processes

	SSP-30573
	Space Station Program Fluid Procurements and Use Control Specification

	SSP-30559
	Structural Design and Verification Requirements

	SSP-41173
	Space Station Quality Assurance Requirement

	SSP-52005
	Payload Flight Equipment Requirements and Guidelines for Safety-Critical Structures


2.2 Records and Forms

The following records and forms are generated from this process:

· Acceptance Test Plan

· Acceptance Test Report(s)

· Qualification Test Plan

· Qualification Test Report

· Acceptance Data Packages (ADP)

· Various Analyses

2.3 Acronyms

	Acronym
	Definition

	°F
	Degrees Fahrenheit

	ADP


	Acceptance Data Package

	CAGE
	Commercial and Government Entity

	dB
	Decibels

	FCF
	Fluids and Combustion Facility

	g
	Acceleration of Gravity

	GHe
	Gaseous Helium

	GN2
	Gaseous Nitrogen

	GRC
	John H. Glenn Research Center

	Hz
	Hertz

	ICD
	Interface Control Drawing

	ISS
	International Space Station

	lb
	Pounds

	M&P
	Materials and Processes

	MDP
	Maximum Design Pressure

	MEOP
	Maximum Expected Operating Pressure

	min
	Minutes

	MS
	Military Standard

	MUA
	Materials Usage Agreement

	NASA
	National Aeronautics and Space Administration

	PO
	Purchase Order

	psi
	Pounds per Square Inch

	psia
	Pounds per Square Inch, Absolute

	QA
	Quality Assurance

	RESP
	Responsible Organization

	RH
	Relative Humidity

	rms
	Root Mean Squared

	scc
	Standard Cubic Centimeters

	sec
	Seconds

	VC
	Visibly Clean


3.0 RESPONSIBILITIES
See paragraph 5.3.

4.0 DESIGN, CONSTRUCTION, & PACKAGING REQUIREMENTS

4.1 Envelope

The maximum accumulator envelope dimensions shall not exceed 2.5” x 2.5” x 2.5”.

4.2 Weight

The dry weight of the accumulator shall not exceed 1 lb.

4.3 Performance

The accumulator shall provide the performance specified herein, during any combination of the operating environments specified in Paragraphs 4.16, 4.17, & 4.18, with all the fluids in accordance with Paragraph 4.10.

4.3.1 Maximum Expected Operating Pressure (MEOP)

The MEOP is 100 psia. The accumulator shall be capable of meeting the requirements specified herein, with the accumulator pressurized at any pressure from 0 to 100 psia, with water, GHe, or GN2 at the temperatures specified in Paragraph 4.16.

4.3.2 Proof Pressure

The maximum design pressure (MDP) is 121 psia.  The accumulator shall not distort nor permanently deform when exposed to the proof pressure of 250 psia, at the temperatures specified in Paragraph 4.16, with all fluids specified in Paragraph 4.10.  The accumulator shall meet all requirements after exposure to proof pressure.

4.3.3 Burst Pressure

The accumulator shall not rupture nor exhibit any fluid leakage when any fluid specified in Paragraph 4.10 is applied to the accumulator at the burst pressure of 500 psia, at the temperatures specified in Paragraph 4.16.  The accumulator is not required to function after exposure to burst pressure.

4.3.4 Lift off and Reseat Pressures

The accumulator shall automatically expand (lift off) to relieve excess pressure from the inlet port when the fluid pressure reaches a specified value.  It shall lift off at a fluid pressure of 15 psia minimum (at a fluid temperature of 60 °F) and shall reseat within 3 psia of the lift-off pressure.  Reseat is defined as being the condition wherein the accumulator is fully compressed.  In addition, the accumulator shall withstand a vacuum pressure load of 10-3 Torr at the inlet port without degradation in performance and without deformation.

4.3.5 Displacement Capacity

The accumulator shall expand to accommodate a volumetric displacement of at least 2 cubic inches at 100 psia and 120 °F.  A level sensor is not required.

4.3.6 Internal Leakage

The internal leakage of the accumulator shall not exceed 1 x 10-4 scc/sec GHe while internally pressurized at 121 psia (MDP).  The internal leakage rate shall also be sufficiently low to support the 15-year shelf life without performance degradation.

4.3.7 External Leakage

The external leakage of the accumulator shall not exceed 1 x 10-6 scc/sec GHe while internally pressurized at 121 psia (MDP).  

4.4 Installation Tooling

The accumulator design shall require only the use of ordinary hand tools for accumulator installation and removal.

4.5 Lock-wire Provisions

The plumbing port shall be provided with at least two holes for the installation of lock-wire.  Lock-wired holes shall be 0.031 inches in diameter.  

4.6 Exposed Edge/Corner Protection

Exposed edges/corners shall be rounded or rolled and exposed surfaces shall be free of burrs:

· Exposed edges 6.4 mm (0.25 in.) thick or greater shall be rounded to a minimum radius of 3.0 mm (0.12 in.). 

· Exposed edges 3.0 to 6.4 mm (0.12 to 0.25 in.) thick shall be rounded to a minimum radius of 1.5 mm (0.06 in.)

· Exposed edges 0.6 to 3.0 mm (0.02 to 0.12 in.) thick shall be rounded to a full radius.

· The edges of thin sheets less than 0.5 mm (0.02 in.) thick shall be rolled or curled.

· Exposed corners of materials less than 25 mm (1.0 in.) thick shall be rounded to a minimum radius of 13 mm (0.5 in.).

· Exposed corners of materials which exceed 25 mm (1.0 in.) thickness shall be rounded to 13 mm (0.5 in.) spherical radius.
4.7 Materials and Processes (M&P) Selections

Select materials and processes, including welding, according to SSP30233.  Select wetted surface materials that are compatible with SSP30573, Table 4.1-2.8.  MSFC-HDBK-527 test results shall be used to evaluate materials and processes selections for the accumulator.  All hardware shall be assessed to ensure that off-gassing emissions do not exceed the maximum allowable for habitable ISS volumes according to NASA-STD-6001 and Paragraph 209.3 of NSTS-1700.7.  Specification of a non-compliant material and or process requires a Materials Usage Agreement (MUA) approved by the appropriate NASA materials engineering organization.

4.8 Dissimilar Metals

The use of dissimilar metals, as defined in MIL-STD-889, in contact with each other shall be avoided unless protected against electrolytic/galvanic corrosion.
4.9 Structural Requirements

The accumulator shall withstand, without damage or impairment of function, the environmental conditions defined in this specification, using the factors of safety defined in Paragraph 5.1 of SSP52005.

4.9.1 Leak Before Burst

The accumulator design shall facilitate a leak in the housing prior to bursting from an overpressure condition

4.9.2 Margins of Safety

The accumulator shall be designed with positive margins of safety for the load and pressure conditions defined herein.

4.9.3 Fracture Control

All accumulator hardware shall meet the fracture control requirements specified in NASA-STD-5003 and SSP52005.

4.9.4 Structural Design Requirements

All accumulator hardware shall meet the structural design requirements specified in SSP30559.  The unit shall be designed such that a single failure will not cause failures outside the unit.

4.9.5 Atmospheric Depressurization/Repressurization

The accumulator shall withstand without damage or impairment of performance, depressurization of the environment external to it from an initial pressure of 15.2 psia to a final pressure of 1.376 x 10-9 psia, with subsequent re-pressurization to 15.2 psia.  The maximum depressurization rate will be 7.75 psi/min; the maximum re-pressurization rate will be 6.96 psi/min.

4.9.6 Natural Frequency

Each rigidly mounted accumulator shall have a natural frequency of 35 Hz minimum for all axes.

4.10 Operating Fluids

The accumulator shall be capable of operating with cooling water in accordance with SSP30573, Table 4.1-2.8 for flight units or Table 4.1-2.17 for qualification units only.  The unit may be tested with gaseous helium (GHe) in accordance with SSP30573, Table 4.1-2.9 or GN2 in accordance with SSP30573, Table 4.1-2.13, Grade A or better.  No materials shall be used which tend to react with these fluids at any of the specified operating or ambient temperatures or pressures.  This includes any materials that would come in contact with the fluids after a credible, single-barrier failure, such as leakage past soft goods or metal-to-metal (non-welded) joints.

4.11 Mounting Interface

The only mounting interface shall be the fluid connection port (plumbing interface).

4.12 Plumbing Interface

The accumulator inlet port shall be per MS33649-04.

4.13 Operating Life

The accumulator shall be capable of performance specified herein during and after all conditions of acceptance testing for a minimum of 100 full-stroke operating cycles.  A full-stroke operating cycle is defined as:

a) Compressed to fully expanded operation (1/2 cycle)

b) Fully expanded to compressed operation (1/2 cycle)

4.14 Shelf Life

The accumulator shall provide the performance specified herein for 15 years without maintenance, adjustment, or refurbishment.  The accumulator shall be designed to meet all requirements after 5 launch cycles (5 exposures to the vibration, interface loads, and thermal environments specified herein).  

4.15 Contamination

During testing, all fluids specified in Paragraph 4.10 shall be filtered using 2-micron or better filters before entering the accumulator.

4.16 Temperature and Humidity

The accumulator shall be capable of withstanding temperatures of 34 °F to 120 °F.  The accumulator shall be capable of withstanding 0 to 100% RH on its exterior surfaces.  These conditions apply to the full duration of the shelf and operating life.

4.16.1 Thermal Cycling

The accumulator shall be capable of withstanding 100 thermal cycles from ambient temperature to 140 °F and then to 34 °F.

4.17 Vibration

The accumulator shall be designed to withstand, without damage or impairment of function, the random vibrations of launch as shown in Table I.

Table I - Random Vibration Environments
	Normal or Parallel to Mounting Plane (Any Axis):

	Test
	Frequency
	Level

	Acceptance Test Levels
	20 Hz
	0.01 g2/Hz

	
	20 Hz - 70 Hz
	+3.3 dB/Octave Slope

	
	70 Hz - 350 Hz
	0.04 g2/Hz

	
	350 Hz – 2,000 Hz
	-3.0 dB/Octave Slope

	
	2,000 Hz
	0.007 g2/Hz

	
	Composite
	6.1 grms

	Qualification Test Levels 
	 
	3 dB > Above Values


where, dB = decibels

g = acceleration of gravity

rms = root mean squared
4.18 Component Interface Loads

The accumulator shall be designed to meet the specified performance requirements when the combined load factors of Table II are applied to the center of gravity of the accumulator.  These interface loads apply to each attachment point of the accumulator.  In obtaining Table II, the high frequency accelerations of Table I have been combined with the expected low frequency accelerations per SSP30559.

Table II - Acceleration Environments

	Acceleration Direction
	Combined Load Factors (g’s)

	X
	+49.4

	Y
	+49.4

	Z
	+49.4


4.19 Cleaning

Wetted surfaces of the accumulator assembly shall be cleaned according to SN-C-0005, Level 200A.  Exterior surfaces of the accumulator assembly shall be Visibly Clean (VC) Sensitive according to SN-C-0005.

4.20 Labeling

The accumulator labeling or marking shall be in accordance with MIL-STD-130.  Each accumulator shall have a unique serial number.  The serial numbers shall be continuous through all lots.

4.21 Workmanship

Manufacturing drawings shall specify workmanship levels.  The workmanship shall be of a quality to assure safety, proper operation, high reliability, and service life requirements.  Particular attention shall be given to neatness, cleanliness, and thoroughness of all processes involving assembly and finishing of all hardware items.  Workmanship standards shall be employed throughout all phases of hardware design and manufacturing to control the quality of operation.

4.22 Preparation for delivery

4.22.1 Retention of Cleanliness

Following the acceptance cleanliness test, the accumulator shall be dried in a vacuum oven with its port uncapped.  Prior to packaging for shipment, the accumulator shall be sealed in a contamination barrier bag in accordance with SN-C-0005. Pre-cleaned nylon bags shall be secured to the accumulator port to prevent contamination once the barrier bag is removed.  If pressure sensitive tape is used to secure the bags, it shall not contact any part of the accumulator.

4.22.2 Packing

The shipping container shall provide protection for each accumulator during shipment and handling and shall meet the safe transportation requirements of NPG-6000.1 and the carrier.

4.22.3 Marking

Marking for shipment and storage of unit packages, intermediate packages, and exterior-shipping containers shall be in accordance with MIL-STD-129.

5.0 VERIFICATION AND TESTING REQUIREMENTS

5.1 General Verification Guidelines and Criteria

The Seller shall use the following general requirements in the verification program as approved by GRC.

a) Each performance and design requirement specified in Paragraph 4 of this specification shall be verified by test, analysis, assessment, inspection, or simulation in support of certification of the design for operational use.

b) Verification shall be performed to show compliance with life, operation, and performance requirements.

c) Acceptance and qualification tests, procedures, equipment, and test levels shall be proven and verified during development testing. 

d) When new materials or existing materials under new conditions are to be used, adequate testing shall be performed to identify material property values.

e) Nondestructive evaluation techniques shall be proven and verified during the development testing.

f) Accelerated life test techniques shall be used wherever practical.

g) All qualification test specimens shall be processed through specified acceptance testing prior to qualification testing.

h) Where redundancy in design exists, each redundancy shall be verified.

i) Each parameter measured for testing shall have a specified tolerance band of acceptability bracketing the nominal value.

5.2 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:
13.7 to 15.7 psia

Where Paragraph 4 requirements are not specified with a minimum, maximum, or tolerance, assume the values are a minimum for test tolerance purposes.  Test tolerances shall be per approved Seller test documentation.

5.3 Responsibility for Verification

The Seller shall be responsible for implementing the verification requirements specified herein.  Except as otherwise noted, the Seller may use his own facilities or any commercial laboratory acceptable to GRC.  The Government reserves the right to witness all verifications performed.

5.3.1 Verification Method Selection

Verification methods have been selected to be compatible with design and performance requirements, safety, quality assurance (QA), and mission success.

· The selected verification methods of inspection, analysis, and test shall be used to verify the accumulator for operational use.

· The particular method to be used to verify each requirement of Paragraph 4 for the qualification phase of verification shall be as specified in Table III, Verification Matrix.

· The responsibility for verification of each requirement is shown in the RESP column.

Table III - Verification Matrix 

	Paragraph
	Title
	Inspection
	Analysis
	Test
	RESP

	4.1
	Envelope
	X
	
	
	Seller

	4.2
	Weight
	
	X
	X
	Seller

	4.3.1
	MEOP
	
	
	X
	Seller

	4.3.2
	Proof Pressure
	
	
	X
	Seller

	4.3.3
	Burst Pressure
	
	
	X
	Seller

	4.3.4
	Lift off and Reseat Pressures
	
	
	X
	Seller

	4.3.5
	Displacement Capacity
	
	
	X
	Seller

	4.3.6
	Internal Leakage
	
	
	X
	Seller

	4.3.7
	External Leakage
	
	
	X
	Seller

	4.4
	Installation Tooling
	X
	X
	
	Seller

	4.5
	Lock-wire Provisions
	X
	X
	
	Seller

	4.6
	Exposed Edge/Corner Protection
	X
	X
	
	Seller

	4.7
	M&P Selections
	X
	X
	
	Seller

	4.8
	Dissimilar Metals
	X
	X
	
	Seller

	4.9
	Structural Requirements
	
	X
	
	Seller

	4.9.1
	Leak Before Burst
	
	
	X
	Seller

	4.9.2
	Margins of Safety
	
	X
	
	Seller

	4.9.3
	Fracture Control
	X
	X
	
	Seller

	4.9.4
	Structural Design requirements
	
	X
	
	Seller

	4.9.5
	Atmospheric Depressurization / Repressurization
	
	X
	
	Seller

	4.9.6
	Natural Frequency
	
	
	X
	Seller

	4.10
	Operating Fluids
	X
	X
	
	Seller

	4.11
	Mounting Interface
	X
	X
	
	Seller

	4.12
	Plumbing Interface
	X
	
	
	Seller

	4.13
	Operating Life
	
	X
	X 
	Seller

	4.14
	Shelf Life
	
	X
	
	Seller

	4.15
	Contamination
	X
	
	
	Seller

	4.16
	Temperature and Humidity
	
	X
	
	Seller

	4.16.1
	Thermal Cycling
	
	X
	X
	Seller

	4.17
	Vibration
	
	
	X
	Seller

	4.18
	Component Interface Loads
	
	X
	
	Seller

	4.19
	Cleaning
	X
	
	X
	Seller

	4.20
	Labeling
	X
	
	
	Seller

	4.21
	Workmanship
	X
	
	
	Seller

	4.22.1
	Retention of Cleanliness
	X
	
	
	Seller

	4.22.2
	Packing
	X
	
	
	Seller

	4.22.3
	Marking
	X
	
	
	Seller


X - Verification method applies

5.4 Quality Conformance

5.4.1 Development

Development encompasses engineering evaluations of hardware, software, manufacturing processes, and techniques for the purpose of acquiring engineering data.  It also encompasses identifying sensitive parameters, evaluating the development configuration, providing the necessary confidence that the accumulator will meet the requirements herein, and assurance that the manufacturing process will produce an acceptable product.  Development objectives shall encompass the following as a minimum:

· Design and performance capability, including redundancy.

· Ability to meet mission requirements with adequate design margin.

· Establishment of process, procedures, equipment, and test levels for manufacturing, acceptance testing, and qualification testing.

· Identification of significant failure modes and effects.

· Determination of the effect of various combinations of tolerance and drift of design parameters.

· Determination of the effect of combinations and sequences of environments.

5.4.2 Acceptance

Acceptance testing and inspection shall be performed on all accumulators to be used in qualification test programs and on all accumulators delivered to GRC for functional use.  Acceptance tests shall, as a minimum, include the tests and inspections shown in Table IV, performed in the sequence specified in the GRC approved acceptance test procedure.  The Seller may perform any other tests deemed necessary, subject to GRC approval.  The degree, duration, and number of tests shall be sufficient to provide assurance that the quality required is present.

Table IV - Acceptance Inspections and Tests

	Requirements

Paragraph
	Verification
	Verification

Method
	Specific Test Requirements

	4.1
	Envelope
	Inspection
	

	4.2
	Weight
	Test
	

	4.11
	Mounting Interface
	Inspection
	

	4.12
	Plumbing Interface
	Inspection
	

	4.3.2
	Proof Pressure
	Test
	Perform for 5-min duration minimum.

	4.17
	Vibration
	Test
	Perform for 1 min/axis minimum.

	4.3.4
	Lift off and Reseat Pressures
	Test
	Vacuum test for 5-min duration minimum.

	4.3.5
	Displacement Capacity
	Test
	

	4.3.6
	Internal Leakage
	Test
	

	4.3.7
	External Leakage
	Test
	

	4.15
	Contamination
	Inspection
	

	4.5
	Lock-wire Provisions
	Inspection
	

	4.6
	Exposed Edge/Corner Protection
	Inspection
	

	4.21
	Workmanship
	Inspection
	

	4.20
	Labeling
	Inspection
	

	4.19
	Cleaning
	Test
	

	4.22.1
	Retention of Cleanliness
	Inspection
	

	4.22.2
	Packing
	Inspection
	

	4.22.3
	Marking
	Inspection
	


5.4.3 Assessment

The GRC and Seller review of the accumulator design documentation, which includes, but is not limited to, drawings, process specifications, material specifications, and assembly procedures, shall provide the assessment.

5.4.4 Qualification

Qualification testing shall be performed to satisfy the requirements specified in the performance and design verification matrix (Table III).  Qualification tests, as detailed in Table V, shall be performed on a qualification test unit, which shall be of a configuration identical to deliverable accumulators.  The Qualification accumulator shall be carefully examined to determine conformance to the requirements of this specification.  Particular attention shall be given to weight, finish, workmanship, dimensions, construction, identification, marking, and to certification that GRC approved materials, fluids, and processes have been used.  Analysis or inspection shall be used to verify Paragraph 4 requirements, which are not identified in Table V.

The Seller shall review Table V to determine if assessment and/or analysis may be used to verify any of the requirements.  Changes made to Table V must be approved by GRC.  The qualification test sequence shall be determined by the Seller and approved by GRC.  A portion of all qualification tests may be deleted if appropriate test data are available and GRC concurs.  
Table V - Qualification Tests

	Requirements

Paragraph
	Verification
	Verification

Method
	Specific Test Requirements

	5.4.2
	Acceptance
	Inspection/Test
	

	4.17
	Vibration
	Test
	Perform for 3 min/axis minimum.

	4.18
	Component Interface Loads
	Analysis
	

	4.13
	Operating Life
	Test/Analysis
	12 cycles minimum

	4.16.1
	Thermal Cycling
	Test/Analysis
	12 thermal cycles minimum

	4.13
	Operating Life
	Test/Analysis
	12 cycles minimum

	4.16.1
	Thermal Cycling
	Test/Analysis
	12 thermal cycles minimum

	4.9.6
	Natural Frequency
	Test
	

	4.3.3
	Burst Pressure.
	Test
	Perform for 5-min duration minimum.

	5.4.4.4
	Disassembly.
	Inspection
	


After completion of Qualification testing, the accumulator shall be disassembled and examined for evidence of damage and/or wear.  The condition of the parts shall be photographed and documented.  Qualification burst test units (and their constituent components) should be destroyed or otherwise rendered unserviceable upon testing completion.  These units should be taken to their design burst pressure to demonstrate no bursting.  These units are not required to function after exposure to burst pressure.

5.4.5 Test Procedures and Reports

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

6.0 QUALITY ASSURANCE

The Seller shall maintain a quality system per the requirements of SSP41173 and ISO-9002.  This quality program plan shall be submitted to the Contracting Officer for GRC review and approval.  

An Acceptance Data Package (ADP) shall be shipped with each contract end item and shall contain the following as a minimum:

j) DD Form 250/1149 or equivalent.

k) Top assembly drawing(s) and an interface control drawing (ICD).

· All test results/reports and inspection records for each piece of hardware and/or material manufactured.

· Logbook or historical record (commences with acceptance testing).

· Material Safety Data Sheets (if required).

c) Material Certifications.  The Seller shall provide a Certificate of Compliance signed by a responsible Quality representative of the company to the effect that all materials, processes, and/or finished items supplied under this Purchase Order (PO) are as specified.  The certificate must be typed and include part number and date code(s).

d) The Seller shall provide in writing (typed) the start date, shelf life, and expiration date of all life limited shelf items supplied under this PO.  The supplied items must have at least 75% of their useful shelf life remaining at time of shipment to NASA.

e) Certifications.  Documented evidence that attests to the fact that the specific serial numbered delivered hardware meets specified requirements.  Provide it in matrix format showing all qualification and acceptance requirements satisfied and applicable qualification and acceptance test procedure/report numbers, and identification of certifying official.

· Waiver/Deviation Record.  Approved waivers and deviations to the contract and/or other requirements authorizing hardware use or variations as applicable to the physical/functional parameters of the item being delivered (i.e., form, fit, function).  List deliverable item name, part number, CAGE code, and serial number.

· Unexplained Anomaly Record.  Provide a record of any unexplained anomalies noted during fabrication and/or testing and use of the deliverable hardware item.

· Shortages.  Identification of physical hardware shortages existing at the time of delivery and a copy of inspection and test/retest requirements documentation received upon shortage installation.

· Unplanned/Deferred Work.  This work consists of unaccomplished fabrication, test, inspection, or installation activities remaining to be completed at time of acceptance and delivery because of parts shortages, lack of schedule time, etc.  It includes open Material Review actions, open nonconformance reports, open recurrence control actions, unincorporated engineering changes, mod kits, and other open work applicable to the hardware being delivered and a copy of inspection and test/retest requirements per appropriate documentation to complete the Unplanned/Deferred Work.

· Preplanned/Assigned Work.  Description of work from manufacturing and/or test authorized for accomplishment after item delivery because of a Program decision to ship prior to completion, or deferral of work completion because of authorized shortages.  Provide a copy of inspection and test/reject requirements documentation required to complete the Preplanned/Assigned Work.

· Identification — As Designed/As–Built Listing.  An indentured parts list, which provides a comparison of the as–designed/as–built configuration of the hardware being delivered.  The configuration listing consists specifically of the following:

· Subsystem, assembly, and subassembly hardware (traceable and non–traceable);

· Parts procured to a Source Control Drawing (traceable and non-traceable); and

· Parts procured to a Specification Control Drawing (traceable only).

For purposes of this specification, the as–designed/as–built configuration excludes specification control drawing parts and standard usage hardware which are exempt from traceability (e.g., nuts, bolts, washers, shims, pins).

· Operating Time/Cycle.  Status at time of delivery of accumulated operating time and/or cycles of parts designated as time/cycle critical.  This includes maintenance activities, which are required based on operating time/cycle.

· Age–Sensitive/Time–Action Items.  Limited–life items that have a maximum life limit and are subject to replacement when specified limit is reached or exceeded.  Included are time–action control items having a minimum periodic functional operating limit and are subject to replacement when one or more of specified limits are exceeded.  This includes maintenance activities, which are required based on age–sensitive/time actions.

· Non-Flight Hardware/Temporary Installations.  A listing of installed hardware, which is not part of the deliverable item configuration and must be removed prior to subsequent operations or flight, shall be provided.
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