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1.0 INTRODUCTION

1.1 Background
The ARES I Launch Vehicle is a new launch vehicle NASA is developing to replace the Space Shuttle and to return astronauts to the moon.  ARES I-1 is the first flight of this new launch vehicle and will demonstrate ascent flight control system performance.  The upper stage will be an inert mass model.  One of the primary objectives of the first flight will be to demonstrate nominal First Stage/Interstage and Upper Stage separation and clearances.  This Statement of Work (SOW) is for the design, development, fabrication, testing, integration, and shipping of the complete severance system.  The severance system shall include the severance ring, upper and lower flange rings, ETL and ETL manifolds.  The term Separation System includes the severance system which is the purpose of this procurement and the Booster Deceleration Motors (BDM) and their associated ETL’s which are not part of this procurement.
The severance ring shall use pyrotechnics to completely separate the upper stage from the interstage about 2 minutes after launch from the Kennedy Space Center (KSC). See Figure 1 below, showing a side view of the Crew Launch Vehicle (CLV) and ARES I-1 Upper Stage Simulator. See Figure 2 for CLV Pyrotechnic events.
During ascent, the launch vehicle skin will be mostly in compression due to rocket engine thrust.  However, there are bending modes of the vehicle during flight that will put the severance system into both compression and tension.  Just prior to triggering the severance system, eight BDM will provide a downward thrust to the first stage, thus putting the severance joint into tension. See Figures 3 and 4 for the BDM locations. There is a short time delay between the firing of the BDM and the firing of the severance system.
The development, testing, fabrication and flight qualification of the severance system will require a aggressive schedule.  NASA GRC is requesting a delivery of an Engineering Test Unit (ETU) in October, 2007 and a full test qualification unit in March, 2008.  The first flight severance system is expected in June, 2008.  The flight of ARES I-1 is scheduled for April, 2009.  A second flight article may (or may not) be purchased for delivery in December 2008 for a follow on flight that is currently TBD.  NASA is open to industries’ creative design with the proposed system having demonstrative flight heritage.
The Contractor shall support NASA during integration and system level Functional Verification testing planned at NASA Plum Brook (PB) near Sandusky, OH and at KSC, FL.  A full scale separation test will be performed on a severance system in a vacuum facility at the PB location.  At the KSC, the Contractor shall support the integration at the Vehicle Assembly Building.  

1.2 Scope

The Contractor shall design, fabricate, test, integrate and deliver a full severance system which shall include a reliable pyrotechnic severance ring with all elements needed to assure rapid and complete stage separation, including ETL, ETL manifolds and structural upper and lower flange rings.  NASA Standard Detonators (NSD) will be Government Furnished Equipment (GFE).   See Figure 5 for details. The NSDs will connect to the avionics system that is being developed by Lockheed Martin.  The avionics system will trigger the pyrotechnic event initiation. For commonality, NASA GRC desires that the ETL’s to be used on the severance system be the same as the ETL’s being used by ATK on the First Stage. 
The Contractor shall design, fabricate, test, and deliver two (2) identical severance system designated Flight Test Assembly (FTAx).  Each shall have a Severance Ring, designated SRx, Flange Ring designated FRx and associated ETL and ETL manifolds designated ETLx.  The Severance Ring is made up of the pyrotechnics and the section to be severed. The assembly of these parts shall occur at PB or GRC and shall be performed by the Contractor.  The first one designated FTA0 shall be used for a full circumferential functional verification test.  The second shall be designated FTA1 and shall be the first flight assembly.  In addition, the Contractor shall design, fabricate, test, integrate and deliver a test unit designated ETU for joint stiffness testing.  The ETU shall include a severance ring designated SRU without any pyrotechnics and a set of flange rings designated FRU for structural testing at PB.  Both the ETU and FTA0 shall be shipped to the Glenn Research Center (GRC) Space Power Facility (SPF) at NASA PB Station, near Sandusky, Ohio - for the purpose of conducting testing.  FTA0 shall be used in a full severance system test in a vacuum (180,000 foot altitude equivalent). See section 7.0 for deliverables. See Figure 6 for a view of the SPF.  Depending on the type of system proposed, FTA1 shall be shipped to either GRC or KSC for integration.
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FIGURE 1. CLV Inline Vehicle and ARES I-1 Upper Stage Simulator
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FIGURE 2. CLV Pyrotechnic Events

The Contractor shall design, fabricate, test and deliver the flange rings, designated FRx, which shall mate with the severance ring (see Figure 10). The Contractor shall define the severance system interface with both flange rings.  The Contractor may alter the portion of the flange ring mating with the severance ring. NASA will provide uninterrupted contractor access to the SPF for installation of the ETU and FTA0. 

The contract shall include a base period that shall take the design through PDR.  Section 4.4.4 and Section 7.1 defines what tasks shall be completed in this base period.  Contract Option 1 shall include detailed design, testing, integration and delivery of the ETU, FTA0 and FTA1 and is defined in Section 7.2.  The Contractor may be asked to fabricate, test and deliver a second flight assembly, designated FTA2, as Option 2 to this contract as defined in Section 7.3.
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FIGURE 3. Preliminary Interstage with Components (Bottom View)
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FIGURE 4. Preliminary Interstage with Components (Top View)
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*Figure is for general reference only, All system are fully redundant.
FIGURE 5. Separation System Explosive Trains
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FIGURE 6. NASA Space Power Facility at PB
2.0 DOCUMENTS
The Contractor shall comply with the applicable sections of the following documents.  In the event of conflict between the text of this document and the applicable documents cited, the text of this document takes precedence. In the event of conflict between applicable documents cited, NASA documents take precedence.  The release in effect at time of proposal submittal shall apply for duration of contract.  

2.1 Compliance Documents
Data Procurement Document, ARES I-1 Launch Vehicle Upper State/Interstage Severance System

JSC 62809, Revision C, Constellation Spacecraft Pyrotechnic Specification, Sections 3.5, 3.6.5, 3.9, 3.11, 4.5, 5.4, 6.0, 7.1, 7.2, 8.4.2, A-1.1

CxP 70038, Hazard Analysis Methodology, Draft
CxP 70135, Constellation Program Structural Design and Verification Requirements, Sections 3.1 to 3.13, 3.25, 4.1 to 4.13, 4.24 to 4.25, 5, 6 with exception of 6.2.4
Glenn Safety Manual, Explosives, Pyrotechnics, and Propellants, Chap 18

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

MSFC-STD-3029A, Guidelines for the Selection of Metallic Materials for Stress Corrosion Cracking Resistance in Sodium Chloride Environments (SUPERSEDING MSFC-STD-3029)

NASA-STD-5008A, Protective Coating of Carbon Steel, Stainless Steel, and Aluminum on Launch Structures, Facilities, and Ground Support Equipment

NASA-STD(I)-6016, Standard Materials and Processes Requirements for Spacecraft

NASA-STD-1740-12, NASA Safety Standard for Explosives, Propellants and Pyrotechnics

NSTS 37330 - Bonding, Electrical, and Lightning Specifications

ANSI/ISO/ASQ Q900-2000, Quality Management Systems - Requirements

SAE AS9003, Inspection and Test Quality System

SAE-AS-9100, Rev. B, Quality Management Systems - Aerospace – Requirements

MIL-STD-810, Environmental Engineering Considerations and Laboratory Tests

MIL-STD-889, Dissimilar Metals

ASME Y14.100, Engineering Drawing Practices

ASME Y14.41, Digital Product Definition Data Practices

ASME Y14.5M, Dimensioning and Tolerancing

2.2 Reference Documents

NASA-STD-7003, Pyroshock Test Criteria

NASA-STD-7001, Payload Vibroacoustic Test Criteria

3.0 design And Fabrication Requirements 

The Contractor shall design, fabricate, test, and deliver two (2) identical severance systems designated Flight Test Assembly (FTAx).  Each shall have a Severance Ring, designated SRx, Flange Ring Assembly including upper and lower flange rings, designated FRx and associated ETL Assembly, including the ETL manifolds, designated ETLx.  The assembly of these parts shall occur at PB or GRC and shall be performed by the Contractor.  The first one designated FTA0 shall be used for a full circumferential functional verification test.  The second shall be designated FTA1 and shall be the first flight assembly.  In addition, the Contractor shall design, fabricate, test, integrate and deliver a test unit designated ETU for joint stiffness testing.  The ETU shall include a severance ring SRU without any pyrotechnics and a set of flange rings FRU for structural testing at PB.  

The Contractor shall design, fabricate, test, integrate and deliver a full severance ring which shall include a reliable pyrotechnic severance system with all elements needed to assure rapid and complete stage separation, including ETL, ETL manifolds and a structural upper and lower flange rings.  NASA Standard Detonators (NSD) will be Government Furnished Equipment (GFE).   See Figure 5 for details. The NSDs will connect to the avionics system that is being developed by Lockheed Martin.  The avionics system will trigger the pyrotechnic event initiation.  For commonality, NASA GRC desires that the ETL’s to be used on the severance system be the same as the ETL’s being used by ATK on the First Stage. 

These requirements shall include a base period that shall take the design through PDR.  Section 4.4.4 and Section 7.1 defines what tasks shall be completed in this base period.   Option 1 shall include detailed design, testing, integration and delivery of the ETU, FTA0 and FTA1 and is defined in section 7.2.  Option 2 shall include fabrication, testing and delivery of a second flight assembly, designated FTA2, as defined in section 7.3

The following requirements are broken down in four sections.  The first section defines the requirements that apply to all hardware items; the second defines the requirements for the pyrotechnically initiated severance system; the third section defined the requirements for the ETL’s and manifolds; and the fourth section defines the requirements for the Upper and Lower Flange Rings.  

3.1 General Requirements
The following requirements apply to all hardware items defined in this Statement of Work. 

3.1.1 Design Loads and Factors of Safety 
The Contractor shall design the severance system for the structural loads given in Table I below. NASA will be conducting concurrent analysis which may result in an undetermined change to the loads.  NASA will notify the Contractor of any possible impact this may have on the required load ranges and testing.  An adjustment to the load requirements may be imposed on the Contractor due to the results and undetermined impact the concurrent analysis may have.
The loads are given in pounds per inch of circumference. These loads do not include the Factors of Safety.  The loads in Table I are provided at two locations along the vehicle longitudinal axis, 1545.42 in and 1741.42 in.  The contractor shall interpolate between the loads at these two stations to provide the pertinent loads for the structural analysis.  The severance-system upper flange top surface is located at X=1545.42 in. and the severance- system lower flange joint cannot extend below station X=1569.42 in.    The shear will occur simultaneously with either tension or compression. The compression and tension loads are applied in the X direction or inline with the launch vehicle longitudinal axis.  Shear is applied in the worst case lateral direction in the YZ Plane.  See Figure 7 for a coordinate system definition.  All loads shall be applied at the mid surface of the casing wall thickness.  These loads were calculated using a radius of 108 inches.  Stress results shall be presented in margin of safety format for both yield and ultimate material strengths in accordance with CxP 70135, Constellation Program Structural Design and Verification Requirements.  The factors of safety as presented in Table I shall be included in the margin of safety calculations.   BDMs will apply a load when the severance system functions. This load is the Limit Load at Function.  A torsional moment about the vehicle longitudinal axis of 650,312 in-lb is included in the shear load.   The Contractor shall design any secondary structure such as brackets and fasteners to hold ETL and manifolds, etc. using the 10g load factors listed.
TABLE I. Severance System Structural Loads

	Factors of Safety

        Yield

        Ultimate
	1.5

2.0

	Limit Loads @ X=1545.42 in.

        Compression (lbs/in)

        Tension (lbs/in)

        Shear (lbs/in)
	10650
6300
1000

	Limit Loads @ X=1741.42 in.

        Compression (lbs/in)

        Tension (lbs/in)

        Shear (lbs/in)        
	11400
6850
950

	Limit Loads at Function

        Tension (lbs/in)
	200

	Secondary Structure Load Factors

         X, Y, Z
	10 g, 10 g, 10g
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FIGURE 7. Coordinate System Definition

3.1.2 Ground Thermal Environment  
The Contractor shall design the severance system to be stored and transported within the following temperatures. 
TABLE II. Ground Thermal Environment

	Location
	Temperature

	KSC Launch Pad
	25 °F to 120 °F 

	GRC Building 333
	72 °F

	GRC Space Power Facility (SPF)
	60 °F to 85 °F 

	Truck Transportation
	-10 °F to 90 °F 

	KSC Storage
	60 °F to 85 °F 


3.1.3 Flight Thermal Environment

During the launch phase at KSC, the system could start out at the pad at 25 °F and increase up to 200 °F in 2 minutes (+175 °F delta T). The Contractor shall design the severance system to withstand these temperatures and the rapid change in temperature and function properly afterward.
TABLE III. Flight Thermal Environment

	Location
	Temperature

	During Flight
	25 °F to 200 °F 


3.1.4 Separation Altitude and Trigger

The altitude at separation will be between 100,000 and 180,000 feet. The Contractor shall design the severance system to operate at this range of altitude for not less than 10 minutes. An electrical signal from the avionics system will trigger the separation event. The avionics system, with mating electrical fitting, is not part of this contract.
3.1.5 Thermal Mismatch

The Contractor shall design the flange rings and severance system assembly to meet the thermal environment as defined in Table II and III.  NASA will fabricate the upper stage and the interstage from ASTM A-516, Grade 70 steel.  The assembly temperature shall be assumed to be at a room temperature of 70 °F.

3.1.6 Fastener Locking Features

The Contractor shall use locking features on all nuts and bolts conforming to JSC 62809 section 3.6.5 to prevent loosening during transportation and launch.

3.1.7 Materials and Processes

The Contractor shall comply with JSC 62809 Section 3.5 and NASA-STD 6016, Standard Materials and Processes Requirements for Spacecraft, as applicable per the following paragraphs:

3.1.7.1 Corrosion Prevention 

While at KSC, the severance system will be exposed to salt-laden air. The Contractor shall use suitable coatings to prevent salt air corrosion.   The Contractor shall finish all metallic parts, assemblies, and equipment, including spares, to provide protection from corrosion in accordance with the requirements of MSFC-SPEC-250, or approved equivalent such as NASA-STD-5008.

3.1.7.2 Stress Corrosion Cracking

The Contractor shall use metallic materials which are highly resistant to stress corrosion cracking per MSFC-STD-3029 Guidelines for the Selection of Metallic Materials for Stress Corrosion Cracking Resistance in Sodium Chloride Environments.    Materials which are highly resistant to SCC are commonly called “A Rated” by NASA.  Non-“A” rated to be approved by NASA on a case by case basis.
Any alloy or weldment that is utilized and not listed in Table I of MSFC-STD-3029 shall require the completion of a Stress Corrosion Evaluation Form (Appendix C of MSFC-STD-3029), which is then attached to a Materials Usage Agreement, and sent to the GRC M&P engineer for approval prior to use.

Non-A rated materials used in safety critical or fracture critical applications shall be referenced in the structural failure hazard report.

3.1.7.3 Material Coatings to Stop Galvanic Corrosion

Galvanic corrosion is a corrosive process that can occur if dissimilar metals, such as aluminum and steel, are in direct contact.    If dissimilar metals are used in the design, suitable coatings shall be used to prevent galvanic corrosion. Corrosion control of galvanic couples shall be in accordance with MIL-STD-889.

3.1.7.4 Special Processes

Special processes include those which may affect the ultimate strength of the material used in the as-fabricated condition, such as forging, heat treating, casting, and welding.   NASA’s preferred processes are detailed in the NASA-STD-6016.  The Contractor shall utilize the processes and controls specified in the M&P standard, or show equivalent in-house process specification. 

3.1.7.5 Materials Documentation

NASA requires a Material Identification and Usage List (MIUL) for documentation of adherence to the requirements stated here.     The MIUL data content and format are specified in the DRD #000MP-001.   The production lot control numbers shall be maintained in the MIUL for all pyrotechnics. 

3.1.8 Sine Vibration Loads 

The Contractor shall design the severance system to withstand sinusoidal vibration loads in each of the three orthogonal axes at a sweep rate of 1.0 octave/minute, and function properly afterward.

TABLE IV.  Sine Vibration Loads 

	Longitudinal Axis (X)
	Radial (Z) and Tangential (Y) Axes

	3.5-5 Hz. @ 0.7 G Peak*
	2-5 Hz. @ 4.3 G peak *

	5-10 Hz. @ 0.7 G Peak
	5-10 Hz. @ 0.5 G peak

	10-40 Hz. @ 1.0 G Peak                    
	10-40 Hz. @ 4.3 G peak


*
Design Criteria only, typically sine testing is not run below 5Hz

3.1.9 Random Vibration Loads

The severance system will be subjected to vibration loads during launch at KSC.  The KSC launch vibration loads are defined in Table V.  The Contractor shall design the severance system to withstand these vibration loads in each of the three orthogonal axes for 3 minutes/axis and function properly afterward. The “x” axis is along the vertical centerline of the severance system. The “z” axis is from this centerline out to the severance system in a radial direction. The “y” axis is in the tangential direction.  See Figure 7 for the coordinate system definition.
TABLE V. Random Vibration Loads
	Axes
	Frequency (Hz)
	Qualification

ASD Level (g2/Hz)

	Longitudinal (X) 

and

Tangential (Y)
	20

20-80

80-360

360-720

720-1300

1300-2000

2000

Overall
	0.056

+3.0 dB/Oct

0.22

+3.0 dB/Oct

0.44

-9.0 dB/Oct

0.12

24.7 grms

	Radial (Z)
	20

20-600

600-1000

1000-2000

2000

Overall
	0.030

+3.0 dB/Oct

0.88

-9.0 dB/Oct

0.11

30.8 grms


3.1.10 Induced Pyroshock 
In order to protect the BDMs, cameras and other equipment, it is highly desirable that the severance system shall not induce a shock as characterized by a shock response spectrum (SRS, Q=10) to exceed the values in Figure 8 and Table VI.  This measurement shall be made at no more than 8 to 12 inches from the source.  The Contractor shall give an estimate of the pyroshock associated with the severance system. 

FIGURE 8. Pyroshock

TABLE VI. Pyroshock Levels
	Frequency, Hz
	Shock Response Spectrum (G’s)

	100
	80

	14000
	11400

	20000
	11400


3.1.11 Shipping

Shipping from the Contractor’s plant to GRC PB, to GRC Cleveland, and/or to KSC Florida shall meet the applicable requirements in JSC 62809, Constellation Spacecraft Pyrotechnic Specification, 6.0 Preservation, Packaging, and Delivery and local, state and federal regulations. The Contractor shall provide all shipping arrangements, including special permits. The severance systems shall be housed in protective enclosures to prevent contamination and exposure to the elements (water, humidity, salt, temperature, etc.) and to minimize shock and vibration.  Each system shall be clearly marked for identification. The severance system shall be shipped in accordance with DOT and OSHA regulations.  The severance system shall be monitored during shipping using multiple recording shock sensors, or approved equivalent.

The outdoor temperature at GRC PB can vary between -10º F in the winter to +90º F in the summer. The relative humidity can vary between 20% and 100%. Salt is used on the roads during the winter and will spray the truck. After integration, NASA will then ship the units to Kennedy Space Center (KSC), Florida, which is not part of this contract. The outdoor temperature at KSC can vary between 25º F in the winter to 105º F in the summer. The relative humidity can vary between 20% and 100%. Salt laden air will come from the Atlantic Ocean.

3.2 Severance Ring
The Contractor shall design, procure, fabricate, assemble, test, ship and integrate SRU (without pyrotechnics), SR0, SR1 and an optional SR2.  The Contractor shall also fabricate and ship one spare full scale segment.  A segment is defined as one quarter of a full ring severance system (assuming the severance system is divided into four equal segments).  The requirements found in this section apply only to the severance ring.
3.2.1 Debris 
The Contractor shall use design techniques to minimize the debris mass and velocity emitted from the detonation. Eight BDM’s will be mounted on the outside of the vehicle below the severance system (four clusters of two each). Small electrical wires will be on the inside. The Contractor shall give an estimate of what the debris characteristics will be and any shields which can be used to prevent damage.  Some examples of debris measuring would be: capturing and measuring debris inside a bag after detonation; witness plate, etc. The Contractor shall develop a test to measure debris.
3.2.2 Smoke and Soot 

The Contractor shall use design techniques to minimize the smoke and soot emitted from the detonation.  There will be interior cameras mounted on the flight vehicle above and below the separation plane to capture video of the separation event.  The proposal shall give an estimate of the smoke and soot release characteristics of the proposed system.  Some examples of smoke/soot measuring would be to capture particles inside a bag, witness plate, and video tape during detonation, etc.  The Contractor shall develop a test to measure the smoke and soot.

3.2.3 Minimum Severance Speed

The severance systems shall be design such that that full 360° severance shall occur in less than 10 milliseconds from the point of departure of the ETL Manifold.
3.2.4 Maximum Back Pressure

In order to protect internal pressure transducers, the maximum backpressure developed in the enclosure of the interstage shall be minimized. The Contractor shall present at PDR an analysis for determining the maximum expected back pressure at 1 foot and 9 feet radial distance. 

3.2.5 Grounding and Bonding

The primary purpose of grounding and bonding is to prevent the generation of an incendiary spark.  The contractor shall satisfy the requirements of NSTS 77330.

3.2.6 Minimum Dimensional Envelop

The severance ring shall be contained in an static envelope of no larger than 12” in the longitudinal (X) direction and 2” in the outboard direction and 12” in the inboard directions.  A prediction of the dynamic displacement of the severance ring upon detonation shall be performed and included in the Analysis Report, DRD #000DE-001..
3.2.7 Humidity and Water Absorption
The relative humidity can vary between 20 and 100%. The Contractor shall design the severance ring to withstand this humidity and function properly afterward. The Contractor shall assure that all pre-assembled seals at open end of the explosive trains are removed and the explosive train inspected before assembly into the final severance system assembly.  The Contractor shall perform a helium leak test where the leakage shall not be greater than 1 x 10-6 cc/second of helium when measured at one atmosphere differential pressure at laboratory ambient temperature.
3.2.8 Redundancy for Detonation 
The Contractor shall design the severance ring with redundancy to maximize the system reliability and minimize the time delay between detonations of the arc segments.  A schematic illustrating this redundancy is shown in Figure 9.  Where redundancy in design exists, each redundant mode shall be verified during qualification.  
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FIGURE 9. Interstage to Upper Stage Severance Schematic
3.2.9 Shelf Life

The Contractor shall select materials and components to provide a system shelf life of at least 5 years. The shelf life is defined as the time from the date of manufacture to installation on the launch vehicle. The date of manufacture (month and year) is defined as the date of loading of the oldest explosive component and shall be marked on each severance system. See Section 6.4.4 Lot Traceability, Identification and Control. 
3.3 Explosive Transfer Lines (ETL) and Manifolds

The Contractor shall design, procure, fabricate, assemble, test, ship and integrate ETL’s and manifolds for FTA0, FTA1 and as required for optional unit FTA2 that are of the same type and manufacturer as will be used on the First Stage.  It is also highly desired that the ETL and manifolds be from the same lot as used on the first stage.  The First Stage ETL’s will be provided by ATK.  The Contractor shall develop ETL’s and manifolds in accordance with JSC 62809, Section 3.6.18 and 4.5.3.  ETL shall include all necessary associated hardware, such as manifolds, mounting brackets, simulators, Faraday caps, and shorting plugs, etc.  For pricing purposes, assume nine (9) each 400 inch lengths of ETL.  The Contractor shall determine the actual lengths and manifolds required.  Alternate approaches to ETL will be considered.
3.3.1 Humidity and Water Absorption

The relative humidity can vary between 20 and 100%. The Contractor shall design the ETL and manifolds to withstand this humidity and function properly afterward. The Contractor shall assure that all pre-assembled seals at open end of the explosive trains are removed and the explosive train inspected before assembly into the final severance system assembly.  The Contractor shall perform a helium leak test where the leakage shall not be greater than 1 x 10-6 cc/second of helium when measured at one atmosphere differential pressure at laboratory ambient temperature.

3.3.2 Shelf Life

The Contractor shall select materials and components to provide a system shelf life of at least 5 years. The shelf life is defined as the time from the date of manufacture to installation on the launch vehicle. The date of manufacture (month and year) is defined as the date of loading of oldest explosive component and shall be marked on each severance system. See Section 6.4.4 Lot Traceability, Identification and Control. 

3.3.3 Breaking Strength

The minimum breaking strength in tension of the ETL’s shall be 160 lbs.  The minimum pull out strength of the ETL to the manifolds shall also be 160 lbs.

3.3.4 NASA Standard Detonators (NSD)

The Contractor shall use NSD as appropriate.  Since these are GFE, the Contractor shall determine the quantity needed and shall present these numbers at the PDR.  The ETL manifolds shall be compatible with the NSD’s and shall be subjected to the same shelf-life storage requirements as the explosive trains.  The Contractor shall position the NSD’s so they are accessible from the inside of the launch vehicle.

3.4 Upper and Lower Flange Rings 

The Contractor shall design, procure, fabricate, assemble, test, ship and integrate upper and lower flange rings for each severance system ETU, FTA0, FTA1 and optional unit FTA2.  These shall be designated FRU, FR0, FR1 and FR2.  NASA will be conducting concurrent design and analysis of mating ring sections which may result in an undetermined change to the design and fabrication of the upper and lower flange rings.  NASA will notify the Contractor of any possible impact this may have on the required design and fabrication. An adjustment to the upper and lower flange rings requirements may be imposed on the Contractor due to the results and undetermined impact the concurrent analysis may have.

3.4.1 Overall Dimensions  

The Contractor shall develop upper and lower flange rings to interface to the upper stage and inter stage that have a large outer diameter of 216.5 inches +/- 1/8 inch.  See Figure 10.  The Contractor shall design to the other tolerances as found on Flange Rings Drawing, Attachment (I). 
3.4.2 Over-All Height

The Contractor shall design and fabricate the severance system assembly, to be as short as possible, but not to exceed 24 inches, as shown in Figure 10. The Contractor shall provide the over-all height for the severance system and upper and lower flange rings.  See Attachment (J) for the Pathfinder Drawing which shows the mating part details.

3.4.3 Interface Flange Rings 
The mating launch vehicle flanges are internal flanges and the bolting is installed from the inside. See Attachment (j) for a drawing of the mating part. The flanges rings shall mate with flanges on the interstage and upper stage. The flange ring fabrication tolerances are estimated as +/- 1/8 inch.  NASA will be responsible for flange to flange fasteners which are presently 0.75 inch diameter.  The flange rings shall incorporate a self alignment feature that shall be compatible to those used on the Interstage and Upper Stage segments.  See Attachment (j) for the Pathfinder Drawing which shows the current design for lifting lugs. The Contractor shall work with NASA to design the self alignment feature to be provided later for assembly and integration.
The Contractor shall design and provide holes as required to attach the severance ring to the flange rings. The Contractor may alter the portion of the flange ring mating with the severance system as required (including the cross section) to suit its own requirements.  The Contractor shall calculate the flange bending stiffness of the flange rings.  NASA GRC will provide the required joint stiffness and bending stiffness at the kick off meeting.
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FIGURE 10. Severance System Assembly With Flange Rings

3.4.4 Material Thickness of Upper Stage and Interstage Casing

NASA is designing both the upper stage and the interstage segments to be of ASTM A-516, Grade 70 steel casing to be about ½” thick with 1” thick inside flanges. A typical Pathfinder (non-flight) casing part is shown on Pathfinder Drawing, Attachment (j), dated 8/18/2006. This information is provided for reference only.

3.4.5 Work Platforms

Depending on the height of the severance system, work platforms will be installed to provide manned access from the interstage to the upper stage.  These platforms will be developed and installed by the GRC.  The Contractor shall work with NASA to ensure these platforms do not interfere with any flange ring features.  

4.0 project MANAGEMENT requirements

The Contractor shall perform management functions and establish a management structure to plan, direct, and integrate all activities required by this Statement of Work (SOW) to assure compliance with technical, schedule, and financial commitments of the contract. The Contractor shall include a process for the timely disposition of corrective actions and provide for the reporting of technical data and financial management data as required.  The Contractor shall utilize established management structures and assign a Contractor Project Manager (PM) with the authority to direct contract activities. The Contractor Project Manager shall assure that the technical, schedule and cost requirements of this contract are fully met. 

4.1 Project Management and Administration

The Contractor shall accomplish the project management and technical control of subcontractor activities required to fulfill the contract requirements.  The financial and performance data provided by the Contractor shall provide management visibility into aspects of subcontractor activities relevant to accomplishing the contract requirements.  The Contractor shall provide a Work Plan in accordance with The Reports of Work clause in section F of the contract.   The Contractor shall accomplish the business management control of interdivisional and subcontractor activities required to fulfill the contract requirements.  The financial and performance data provided by the Contractor shall provide management visibility into aspects of interdivisional and subcontractor activities relevant to accomplishing the contract requirements.  The Contractor shall provide financial management reports in accordance with The Reports of Work clause in section F of the contract.

4.1.1 Work Plan 

The Contractor shall develop and provide to NASA a Work Plan with updates as required in accordance with Section F of the contract.
4.1.2 Procurements

The Contractor shall plan for and procure all needed material, parts and personnel to ensure all schedule requirements for the Base period, Option 1 and Option 2 are met.  This also includes long lead procurements for Option 1 and Option 2.
4.2 Monthly Progress Reports (MPR)

In accordance with The Reports of Work clause in section F of the contract, and beginning with the first month after the date of contract award, the Contractor shall E-mail a MPR for that month within 5 working days after the end of the month.  All nonconformances shall be documented in the Monthly Progress Report.  The Contractor shall take corrective action to prevent a re-occurrence.  NASA reserves the right to receive more information on non-conformances as it deems necessary in a timely fashion.  The MPR shall identify risks and risk mitigations plans and problems and corrective action plans. As fabrication, assembly, and testing occurs, include clear labeled digital camera pictures to illustrate the progress being made. The Contractor shall provide a monthly status and schedule. 

Within two weeks after the date of contract award, the Contractor shall E-mail a detailed schedule, showing the critical path, which shall be updated monthly and included with the MPR.  (See Appendix C for milestones.)
4.3 Non-conformances and Corrective Action

All nonconformances shall be documented in the Monthly Progress Report.  NASA approval is required for acceptance of any non-conformances dispositioned by the Contractor as “use-as-is” or “repair” where the nonconformance results in a departure from the contract requirements.    The Contractor shall notify NASA within 24 hours of any nonconformance resulting from problems during certification, acceptance, or qualification testing.     The Contractor shall take corrective action to prevent recurrence for all non-conformances.
4.4 Meetings and Reviews

The Contractor shall provide manpower, facilities, and data to support the meetings and reviews defined in this SOW.  Other NASA Contractors responsible for ARES I-1 development and NASA direct support Contractors shall have the right to participate in these meetings.

For Phase I/PDR, Phase II/CDR, Phase III/Pre-Ship Acceptance Review and System Test Readiness reviews, NASA will issue Review Item Discrepancies (RID) to the contractor not more than 3 business days after the review.  The Contractor shall perform all work necessary to close each RID not more than two weeks after RID receipt. RID closure requires concurrence from the NASA CO, COTR or ACOTR.  No review milestone shall be considered completed until all RID’s deemed critical by the NASA COTR are closed.  The Contractor shall publish the minutes within one week of the review.
4.4.1 Kickoff Meeting

The Contractor shall conduct a Kickoff meeting at its facility within 1 week of contract award to discuss the Work Plan and any contract issues.
4.4.2 Bi-Weekly Teleconference

The Contractor shall hold bi-weekly teleconferences with NASA personnel as scheduled by NASA.  The Contractor shall include, at a minimum, a review of the project schedule, status, test critiques, design and/or fabrication status, risk and problem identification, and efforts undertaken for corrective action and risk mitigation. Non-conformances that affect form, fit or function shall be discussed at the biweekly teleconference.  The Contractor is not expected to issue minutes of the teleconferences, but capture significant items in the next MPR.   It is expected for these teleconferences to last about 1 ½  hours each.

4.4.3 Technical Interchange Meetings

The Contractor shall support and attend up to two (2) Technical Interchange Meetings (TIM) between contract award and flight of ARES I-1.  The goal is to ensure proper technical and programmatic communication between NASA, the Contractor and other Ares I Contractors.  The TIMs will be held at NASA GRC. 

4.4.4 Phase I and Preliminary Design Review (PDR)

The Contractor shall present a combined Phase I Review for pyrotechnics in accordance with JSC 62809, Section 5.2 and a Preliminary Design Review for the upper and lower flange rings 3 months after contract award.  This review shall be held at the contractor facility for the purpose of NASA granting approval for the contractor to proceed to detailed design.  No less than five working days prior to the presentation, the Contractor shall either E-mail the PDR deliverables to the NASA COTR or send a CD via overnight express. 

The Contractor shall perform engineering, design, project management and planning activities for a PDR. See Section 3.0, Design Requirements; Section 4.0, Project Management Requirements;  Section 5.0, Quality Assurance Requirements; and Section 6.0, Verification and Validation Requirements. The PDR deliverables shall include: 

1. A design layout showing all the features of the severance system and definition of the contractor interfaces with NASA hardware.

2. Preliminary detail and assembly drawings of critical components to be fabricated.

3. Preliminary engineering, stress, deflection, thermal mismatch, analysis models, severance system function, reliability analysis and other analyses necessary to define the design as per DRD #000DE-001.
4. Detailed Schedule.

5. Configuration Management Plan.

6. Preliminary Analysis Report.

7. Preliminary Assembly and Integration Plan

8. Preliminary Manufacturing Procedures

9. Preliminary NDE Plan.

10. Preliminary Safety Hazard Analysis.

11. Preliminary MIUL.

12. Update to the Verification and Validation Plan
13. Update to long lead item procurements, such as flange rings or pyrotechnics.

14. Plans for storage of in-process parts and flight-ready parts

4.4.5 Phase II and Critical Design Review (CDR)

The Contractor shall present a combined Phase II Review for pyrotechnics in accordance with JSC 62809, Section 5.3 and a Critical Design Review for the upper and lower flange rings 5.5 months after contract award.  This review shall be held at contractor facility for the purpose of NASA granting approval for the contractor to proceed to fabrication and qualification/acceptance testing.  No less than 2 weeks prior to the presentation, the Contractor shall either E-mail the CDR deliverables to the NASA COTR or send a CD via overnight express. 

The Contractor shall perform engineering, design, project management and planning activities for a CDR. See Section 3.0, Design Requirements; Section 4.0, Project Management Requirements; Section 5.0, Quality Assurance Requirements; and Section 6.0, Verification and Validation Requirements. The CDR deliverables shall include: 

1. A complete design layout showing all the features of the severance system.

2. Final detail and assembly drawings.  At least 90% of the detail drawings shall be 100% complete, with the remaining 10% of the detail drawings being at least 50% complete.   The assembly drawings shall be at least 50% complete. 

3. Interface Control Drawing defining all contractor interfaces with all other hardware.

4. Critical Dimension List per section 6.4.1
5. Final engineering, stress, deflection, thermal mismatch, analysis models, detonation, reliability analysis and other analyses necessary to define the design.  This shall be documented in the final analysis report as per DRD #000DE-001.
6. Reliability Analysis per DRD #000SA-001
7. Detailed schedule.

8. Final Assembly and Integration Plan

9. Final NDE Plan

10. As Designed MIUL

11. Final Safety Hazards Analysis

12. Assembly and Integration Procedures

13. Inspection Procedures

14. Final Manufacturing Procedures

15. Update to Verification and Validation Plan
4.4.6 Phase III and Acceptance Reviews

The contractors shall present a combined Phase III Review for the pyrotechnic hardware in accordance with JSC 62809, Section 5.4 and an acceptance review for the flange rings showing that they meet the drawings and SOW requirements.  This review shall be held within two weeks prior to shipment of ETU, FTA0, FTA1 and FTA2.  Each review shall be held at the contractor’s facility.  The Contractor shall combine reviews as the schedule allows.  No less than 3 weeks prior to the presentation, the Contractor shall deliver the Phase III review package to the NASA COTR. 

The contractor shall prepare and supply a Phase III Acceptance Review package for pyrotechnic hardware in accordance with DRD #000MA-003, and an Acceptance Data Package for remaining hardware in accordance with DRD #000MA-001.

4.4.7 System Test Readiness Review (STR)

The Contractor shall support the System Test Readiness Review of the full scale Functional Verification Test to be held at PB per milestone schedule in Appendix C.  This review shall be held at the NASA Glenn Research Center’s PB facility near Sandusky, Ohio.  No less than five working days prior to the presentation, the Contractor shall either E-mail the presentation charts and drawings to the NASA COTR or send a CD via overnight express. 

4.5 Systems Engineering Responsibilities

The Contractor shall have the responsibility to ensure that all interfaces are fully defined with NASA organizations and other contractors.  During the design process, the Contractor shall interface and participate with GRC to ensure that structural load paths are defined and that applicable system level requirements are met.  The Contractor shall develop interface control drawings for the severance system to the launch vehicle. They shall participate in NASA sponsored TIMs as requested to convey severance system design, functions, impacts and any other aspect that may influence the design or function of other subsystems.  The Contractor shall be required to support NASA during system level functional verification testing planned at NASA PB near Sandusky, Ohio. The Contractor shall work with Range Safety to ensure all ordinance used are in compliance with Range Safety requirements.
The Contractor shall have the responsibility to ensure that the proper detonators to be furnished by NASA are compatible with their system.  They shall also have the responsibility to integrate all ETLs between their severance ring and the avionics.  The electrical signal input to initiate detonation will be provided by the avionics system, which will be provided by NASA, using Lockheed/Martin as a contractor. The Contractor shall be responsible to ensure a proper electrical interface exists.

4.5.1 Assembly and Integration
The Contractor shall have responsibility to assemble the Severance System at GRC.  The Contractor shall be required to provide support for integration, assembly and final inspection during assembly of the Flight severance system into the ARES I-1 Inter-stage flight element at GRC and at Kennedy Space Center.  The Contractor shall provide the procedure required to interface the flange rings to the vehicle flange rings.  A 212.5 inch bolt centerline diameter will complicate this interface operation.  Procedures using templates, match drilling at assembly, and other techniques should be investigated and shall be presented to GRC for approval.
The Contractor shall provide all necessary ground support equipment required for assembly, integration and handling.  Assembly and integration activities the contractor is required to support includes:

Activities at GRC: Assembly of Severance System components, including assembly of the Severance Ring with the Flange rings and integration of the pyrotechnic severance ring and ETLs and manifolds into the Interstage Launch Vehicle segment.

Activities at KSC: Integration of the Severance System hardware on to the Launch Vehicle including assembly of the pyrotechnic firing hardware.  
The contractor shall develop an Assembly and Integration Plan per DRD #000QE-002, Assembly and Integration Procedures DRD #000QE-003, Manufacturing Procedures DRD #000QE-004, and Inspection Procedures DRD #000QE-005.

4.6 Configuration Management

The contractor shall develop and provide to NASA a Configuration Management Plan in accordance with DRD #000CM-001.

4.7 Engineering Drawings and Associated Lists

The contractor shall develop and provide to NASA the Engineering Drawings and Associated Lists in accordance with DRD #000CM-002.  The contractor shall develop and provide a Mass Properties Report per DRD #000SE-001.  The Contractor shall prepare a Limited Life Items List per DRD #000RM-001.
4.8 Materials Identification And Usage List (MIUL)

The contractor shall develop and provide to NASA a Materials Identification and Usage List in accordance with DRD #000MP-001.

4.9 Non-Destructive Evaluation Plan

The contractor shall develop and provide to NASA a Non-Destructive Evaluation Plan in accordance with DRD #000MP-002.

4.10 Verification and Validation Plan

The contractor shall develop and provide to NASA a Verification and Validation Plan in accordance with DRD #000VR-001.
5.0 quality and Mission assurance requirements

The Contractor’s quality system shall be compliant to SAE AS9100, Revision B, Quality Management Systems-Aerospace-Requirements.  The Contractor can satisfy this requirement by current registration by a recognized registrar, followed up by a verification audit performed by GRC.  If NASA has accepted the Contractor’s AS9100B registration and the Contractor subsequently changes registrars, loses its registration status, or is put on notice of losing its registration status, it shall notify NASA s procuring component(s) within three days of receiving such notice from its registrar.  GRC has an option to survey/audit at any phase of this contract to assure the Contractor met the Safety and Mission Assurance requirements.  The Contractor shall detail their planned quality controls for the product being procured and their quality system controls in a quality plan prepared in accordance with DRD #000QE-001.  This plan shall be provided to NASA.
5.1 Safety and Reliability Requirements

The Contractor shall perform a Safety Hazard Analysis and Fault Tree Analysis using the methodology specified in CxP 70038 (CxP Hazard Analysis Methodology). The Contractor shall supply Safety Engineering support to present the Hazard Analysis at NASA Milestone reviews. The primary flight hazard or failure to be mitigated is loss of vehicle due to failure of the Separation System in flight. The primary ground hazard is loss of life or injury due to structural failure or premature firing of pyrotechnics. The Contractor's System Safety Engineer shall develop both flight and ground hazard reports and supply mitigation strategies to NASA. The pyrotechnics shall comply with NASA-STD-1740-12, NASA Safety Standard for Explosives, Propellants and Pyrotechnics. The Contractor shall use high-quality components, redundancy, clever design features, examination, and inspection to provide a severance system with a reliability of 99.8% or better at a confidence level of 95%. 

The Contractor shall be responsible for the Safety and training of Contractor employees who transport, handle and install pyrotechnics at both locations.  The Contractor shall notify NASA of any special requirements for the safety of other personnel working in the integration facilities once the pyrotechnics enter the facility.  The Contractor shall be required to know and follow local, state, and federal safety regulations governing pyrotechnics as well as those of NASA.  The Contractor shall provide an analysis for security and transportation requirements of the pyrotechnics while on the highway to the above listed locations and the transportation and security requirements between the storage magazine and the integration facilities.  The Contractor shall also provide a compatibility review to assure that there shall not be a storage issue at PB or KSC of their pyrotechnics with other materials that may be stored in the integration facility or storage magazine.  The Contractor shall notify NASA of any site preparation (quantity distance) requirements and personnel limits that shall be needed at the integration facilities.  The Contractor shall also be required to provide support for integration, assembly and final inspection during assemble of the severance system into ARES I- 1 Inter- stage flight element.  

5.1.1 Safety Hazard Analysis 
The Contractor shall develop and provide to NASA their Safety Hazard Analysis in accordance with DRD #000SA-001 as input to the integrated vehicle Safety Hazard Analysis.
5.2 Rework and Retrofit

The Contractor is required to contact the COTR to arrange telecons for the purpose of discussing significant rework and retrofit actions.  Any significant rework or retrofit effort that results in a nonconformance shall be processed through the Contractor's nonconformance and corrective action system as specified in Paragraph 4.3 of this Statement of Work.   This effort shall consider establishing higher margins of safety on re-work or retrofits than on the original design as part of the NASA disposition.

6.0 verification and validation requirements

All of the following tests, in conjunction with analyses and inspections, are meant to qualify the design and fabrication processes for all severance rings.   All test articles shall be manufactured from the same lot of material as the flight hardware.  Severance Ring subscale test units shall be arc segments 18” to 30” in length and where appropriate be cut from each end of a full scale flight unit.  Subscale test units of the ETL’s shall be 3 to 4 feet long.  

6.1 Analysis

The Contractor shall perform analysis in accordance CxP 70135 Constellation Program Structural Design and Verification Requirements and document all analysis in an Analysis Report in accordance with DRD #000DE-001.  All secondary structures (such as brackets) shall be qualified by analysis only.
6.2 Development Program

The Contractor shall propose the development tests deemed necessary to determine the severance ring design. The following tests shall be included as a minimum.  These tests may be done on straight subscale test units for development tests only.

6.2.1 Plus 20% and Minus 20% Material Joint Margin Test

To validate the severance joint fabrication margins, the Contractor shall detonate test three (3) subscale test units with 20% less metal thickness and three (3) subscale test units at 20% greater metal thickness using the nominal pyrotechnic core charge and detonate the test samples. The test shall be performed at ambient temperature. The purpose of this test is to verify that the nominal core charge can sever joints of both more and less metal thickness. 

6.2.2 Debris Quantification Test

One (1) subscale test unit shall be detonated to measure the amount of debris that is ejected at room temperature of 70°F to verify the estimate given in section 6.2.4.  The Contractor shall determine the best method for performing this test.  This test may be combined with other tests as appropriate.

6.2.3 Material Tensile Tests

The Contractor shall perform tensile testing in accordance with ASTM E-8 for the single material lot to be severed to determine the mechanical properties of the material used during development testing.  The Contractor shall use the actual material properties in the design.  

6.2.4 Pyroshock Panel Testing

Contractor shall perform early developmental shock testing on three (3) representative severance system subscale test units to obtain a preliminary assessment of the shock levels produced by the severance system in both the near-field and mid-field. Three separate test firings shall be performed.

NASA GRC personnel will provide the Contractor with assistance in the design, planning and testing, including the selection and placement of the accelerometers and test structural configuration.  The Contractor shall provide the accelerometer instrumentation (less than 16 channels) and data acquisition system to obtain the shock measurements up to 20 KHz.  The structural configuration is currently envisioned as being comprised of a 2-foot section of the Contractor’s severance system coupled with the Contractor provided plate panels attached to both sides of the severance system.  The plate panels shall be representative of ARES l–1 materials and design, but of dimensions approximately 2 ft by 4 ft by 0.5 inch.  NASA GRC personnel will witness and fully participate in these tests at the Contractor test site.  The Contractor shall be responsible for the firing initiation and test coordination with NASA GRC personnel.  Raw test data (accelerometer time histories and firing track) from the panel tests shall be provided as either universal or ascii file format.  

6.2.5 Static Strength Test

The Contractor shall perform static strength testing on one (1) subscale test unit to the maximum compressive limit load times a test factor of 1.25.  This test shall then be taken to failure.  The Contractor shall also perform a second static strength testing on a second subscale test unit to the maximum tensile stress times a test factor of 1.25.  This test shall then be taken to failure.  No pyrotechnics shall be included in these tests.

6.3 Qualification Program

The Contractor shall propose the qualification tests required to qualify the severance system for flight. The tests in this section shall be included as a minimum.  The Contractor shall provide 12 subscale test units for testing of the severance ring plus four (4) spares.  The Contractor shall provide at least 13 subscale ETL’s and 11 manifold test units.  Subscale test units shall have multiple tests performed on each one in accordance with sequences defined in Table VII, VIII and IX.  Functional testing of the ETL’s and manifolds may performed together using hardware from both test groups, since ETL require manifolds for functioning and manifolds require ETL’s for functioning.  
Cord level testing of the explosive cords used in both the ETL’s and manifolds shall be performed prior to fabrication of the subscale test units and the full scale flight units to ensure that the cord being used is suitable.  Theses tests shall include core weight, bending and detonation velocity and be performed in accordance with JSC 62809, Section 4.5.3.4.
6.3.1 Strength Qualification Test 

The Contractor shall perform a Strength Qualification Test of the severance system using a subscale test unit and shall use subscale flange rings to simulate the boundary conditions.  This test shall develop all critical compression and tension limit stresses in the severance system times a test factor of 1.25.  No pyrotechnics shall be present. All necessary boundary conditions shall be simulated. Forty (40) channels of strain gage and displacement transducer channels shall be assumed for pricing purposes.  The Contractor shall perform this test on or before October 2007.

6.3.2 Forty Foot Drop Test

The severance system shall withstand, without detonating, a drop from a 40 ft elevation impacting a 3” thick (minimum) steel plate on 24” thick (minimum) reinforced concrete. The system need not function after exposure to this test. A subscale test unit of the severance system shall be fabricated and subjected to this test. This test may be waived if the Contractor can provide evidence of having successfully performed a similar test for an earlier project.

6.3.3 Eight Foot Drop Test

The severance system shall be capable of performing its function after being dropped from an 8 ft elevation impacting a steel plate on reinforced concrete. Subscale test units shall be fabricated and subjected to this drop test, one in each of the 3 orthogonal axes and then detonated.  See Figure 7.

6.3.4 Auto-ignition Temperature Test

The temperature at which the severance system shall auto-ignite shall be 275 °F or more. The system need not function after exposure to this test.  A subscale test unit shall be fabricated and exposed to gradually increasing temperatures at 5°F /minute till 275°F and then held for 1 hour.  The test unit shall then be exposed to gradually increasing temperatures at 5°F /minute until auto-ignition occurs. The actual auto-ignition temperature shall be recorded. This test may be waived if the Contractor can provide evidence of having successfully performed a similar test for an earlier project or can show data that the explosive material chosen can met this requirement.

6.3.5 Environmental Testing

Environmental testing shall be performed on subscale test units in accordance with the sections below.

6.3.5.1 Salt Fog 

Salt Fog Testing shall be performed on subscale test units in accordance with MIL-STD-810, Method 509.4 using all four 24 hour periods per 2.2.3.

6.3.5.2 Thermal Shock Test 

Thermal Shock Testing shall be performed on subscale test units in accordance with MIL-STD-810, Method 503.4, Procedure 1.  The tests shall be from the minimum and maximum temperatures as defined in Table II for 20 cycles and then from the minimum and maximum from Table III for 4 cycles.  The test units shall be held at each extreme until thermal equilibrium in the test article is reached. Each test unit shall be move from the one extreme temperature to the other in less than 1 minute.

6.3.5.3 Temperature, Humidity and Altitude Test 

Ten (10) subscale test units shall be exposed to -10 F temperature, 180,000 ft altitude, and 20 % relative humidity for 60 minutes in accordance with MIL-STD-810, Method 520.2, Procedure 1, paragraph 2.2.3.2. This test shall be repeated at 200 F, nominal sea-level altitude, and 100 % relative humidity for 60 minutes. 

6.3.5.4 Sinusoidal Vibration Test

Sinusoidal Vibration Testing shall be performed on subscale test units for one dynamic sweep, starting at the lower frequency and ending at the higher frequency with a rate of 1.0 oct/min, as defined in Table IV in each of the three orthogonal axes. 

6.3.5.5 Flight Random Vibration

Flight Random Vibration Testing shall be performed on subscale test units for a duration of 3 minutes in each of three orthogonal axes according the specification in Table V.

6.3.5.6 High Temperature Functional Test

High Temperature Functional Testing shall be performed on subscale test units.  Each shall be heated to 200°F minimum, held at temperature for 30 minutes, and then detonated. The detonation velocity shall be measured and recorded.  The test units shall be completely severed to show the capability of severing a 360-degree ring. 

6.3.5.7 Low Temperature Functional Test

Low Temperature Functional Testing shall be performed on subscale test units.  Each shall be held at temperature for 30 minutes, and then detonated. The detonation velocity shall be measured and recorded.  The test units shall be completely severed to show the capability of severing a 360-degree ring.. 

6.3.5.8 Ambient Temperature Functional Test

Ambient Temperature Functional Testing shall be performed on subscale test units.  Each shall be detonated at room temperature of approximately 70°F.  The detonation velocity shall be measured and recorded.  The test units shall be completely severed to show the capability of severing a 360-degree ring. 

6.3.6 Full System Functional Test

One full scale severance system under flight vacuum conditions shall be conducted in the Space Power Facility (SPF) located at the GRC PB Station, near Sandusky, Ohio. NASA will provide technicians and engineers to operate the facility, but the Contractor shall provide technicians and engineers to install the severance system, observe the test, and analyze the data. NASA will provide cameras and instrumentation. The Contractor shall travel to PB and provide a safety data package at least five weeks before the scheduled testing date. The facility is normally open weekdays from 8:00 am to 4:30 pm, but can be kept open for longer times if at least 1 week advanced notice is given.

6.3.7 Pull Tests

Each ETL subscale test unit shall be subjected to a 100 pound pull test.  Each shall be secured in a test fixture where one end tip is restrained and 100 pound minimum tensile load is applied to the unrestrained end tip for a minimum of 1 minute.

6.3.8 Core Weight 

The Contractor shall perform core weight tests on the ETL and ETL Manifolds in accordance with JSC 62809, Section 4.5.3.4.
6.3.9 Bending

The Contractor shall perform bending tests on the ETL and ETL Manifolds in accordance with JSC 62809, Section 4.5.3.4.
6.3.10 Detonation Velocity

The Contractor shall perform detonation velocity tests on the ETL and ETL Manifolds in accordance with JSC 62809, Section 4.5.3.4.  Subscale tests are acceptable.

TABLE VII. Severance Ring Verification Test Matrix and Sequence

[image: image12.emf]Subscale Test Units

Test

Non Destructive Tests

Dimensional Inspection 6.4.1 1 1 1 1 1 1 1 1 1 1 1 1 12

NDE 6.4.2 2 2 2 2 2 2 2 2 2 2 2 2 12

Destructive Tests

Strength Qualification 6.3.1 3 1

Forty Foot Drop 6.3.2 3 1

Eight Foot Drop 6.3.3 3 3 3 3

Salt Fog 6.3.5.1 4 3 3 4 3 3 3 4 3 3 10

Thermal Shock 6.3.5.2 5 4 4 5 4 4 4 5 4 4 10

Temperature, Humidity and Altitude 6.3.5.3 6 5 5 6 5 5 5 6 5 5 10

Sinusoidal Vibration 6.3.5.4 7 6 6 7 6 6 6 7 6 6 10

Flight Random Vibration 6.3.5.5 8 7 7 8 7 7 7 8 7 7 10

High Temperature Function 6.3.5.6 9 8 8 3

Low Temperature Function 6.3.5.7 9 8 8 8 4

Ambient Temperature Function 6.3.5.8 9 8 8 3

9 8

Test Unit 

Count

11 SOW  Para 12 7 1 2 3 4 6 5 10


TABLE VIII. ETL Verification Test Matrix and Sequence

[image: image13.emf]Subscale Test Units

Test

Pre Test NDE 6.4.2 1 1 1 1 1 1 1 13

Forty Foot Drop 6.3.2 2 1

Eight Foot Drop 6.3.3 2 2 2 3

Pull Test 6.3.7 3 2 3 2 3 2 12

Salt Fog 6.3.5.1 4 3 4 3 4 3 12

Thermal Shock 6.3.5.2 5 4 5 4 5 4 12

Temperature, Humidity and Altitude 6.3.5.3 6 5 6 5 6 5 12

Sinusoidal Vibration 6.3.5.4 7 6 7 6 7 6 12

Flight Random Vibration 6.3.5.5 8 7 8 7 8 7 12

Post Test NDE 6.4.2 9 8 9 8 9 8 12

High Temperature Function 6.3.5.6 10 9 4

Low Temperature Function 6.3.5.7 10 9 4

Ambient Temperature Function 6.3.5.8 10 9 4

Test Unit 

Count

SOW  Para

Test 

Units     

7-9

Test 

Unit      

10

Test 

Units     

11-13

Test 

Unit      

1

Test 

Unit     2

Test 

Units     

3-5

Test 

Unit      

6


TABLE IX. Manifold Verification Test Matrix and Sequence
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Test

Pre Test NDE 6.4.2 1 1 1 1 1 1 1 11

Forty Foot Drop 6.3.2 2 1

Eight Foot Drop 6.3.3 2 2 2 3

Salt Fog 6.3.5.1 3 2 3 2 3 2 10

Thermal Shock 6.3.5.2 4 3 4 3 4 3 10

Temperature, Humidity and Altitude 6.3.5.3 5 4 5 4 5 4 10

Sinusoidal Vibration 6.3.5.4 6 5 6 5 6 5 10

Flight Random Vibration 6.3.5.5 7 6 7 6 7 6 10

Post Test NDE 6.4.2 8 7 8 7 8 7 10

High Temperature Function 6.3.5.6 9 8 3

Low Temperature Function 6.3.5.7 9 8 4

Ambient Temperature Function 6.3.5.8 9 8 3

SOW  Para

Test 

Unit      

1

Test 

Unit     2

Test 

Units     

3-4

Test Unit 

Count

Test 

Unit      

5

Test 

Units     

6-8

Test 

Unit      

9

Test 

Units     

10-11


6.4 In-Process Inspections

6.4.1 Dimensional Inspection

The Contractor shall perform a 100% dimensional inspection of the first severance ring FTA0.   All ETU, FTA1 and the optional FTA2 hardware shall have their critical dimensions and tolerances inspected.  The Contractor shall recommend at CDR those dimension and tolerances deemed critical.  NASA will have authority to approve these critical dimensions. 

6.4.2 Non-destructive Evaluation (NDE)

The NDE for flight pyrotechnics shall include a radiographic specimen examination for each Production Lot of pyrotechnics in accordance with JSC 62809, Section 4.5. Radiography shall include x-ray and/or neutron examination. The method of radiographic inspection shall be reviewed with NASA for concurrence.  When external finishes such as adhesive potting materials, etc., would reduce the resolution of the radiograph, the radiograph shall be made prior to the application of these materials. Subscale tests are acceptable.

6.4.3 Hardware Acceptance and Traceability

All hardware and material shall be traceable back to the original material. Legible material certificates shall be provided. All hardware assemblies must be labeled for rapid identification of the source of all materials contained in the hardware assembly. The Contractor shall prepare documentation that identifies the traceability of all pyrotechnic hardware supporting the severance system

6.4.4 Lot Traceability, Identification, and Control

All pyrotechnic devices shall be traceable by lot and serial number. Components and materials which are not susceptible to serialization shall be traceable by lot. The Contractor shall meet JSC 62809 Section 3.11 Production Lot Requirements. All pyrotechnic items of the same design delivered under this contract (including FTA0, FTA1, and all test sections) must use one lot of explosive material. The Contractor shall meet JSC 62809 Section 3.9 Traceability and Identification.

6.5 Lot Acceptance and Lot Certification

To determine that the lot of pyrotechnic devices meets the specified dimensional and functional characteristics, the Contractor shall perform acceptance activities in accordance with JSC62809, Constellation Spacecraft Pyrotechnic Specification, 4.5 Lot Acceptance and Lot Certification.

6.6 Pre-flight Verification Test (PVT)

The Contractor shall develop two (2) PVT subscale test units and both shall be shipped and stored with each flight unit.  The Contractor shall perform one PVT’s for each flight within six months of launch in accordance with JSC 62809 Section 7.1 and visual check-outs per Sections 7.2.1, 7.2.2, and 7.2.3.  The Contractor shall ship the PVT test unit back to their facility for testing.

7.0 Severance System deliverables

The severance system delivery time is shown in Table X, and Appendix C, based on a Jan 5, 2007, contract award date.  In order to meet the tight delivery dates, NASA will give approval for Option 1 immediately after PDR.  If Option 2 is desired, it will also be given immediately after PDR.  

The requirement shall include a base period that shall take the design through PDR.  Section 4.4.4 and Section 7.1 defines what tasks shall be completed in this base period.   Option 1 shall include detailed design, testing, integration and delivery of the ETU, FTA0 and FTA1 and is defined in section 7.2.  Option 2 shall include fabrication, testing and delivery of a second flight assembly, designated FTA2, as defined in section 7.3.  

TABLE X. Deliverables

	Hardware Deliverables
	No Later Than Date

	Option 1

	ETU:  Severance Ring (SRU), and Flange Rings (FRU)
	Oct 1, 2007

	FTA0: Qual Severance Ring (SR0), one spare arc segment, Flange Rings (FR0), ETL and Manifolds (ETL0)
	Mar 18, 2008

	FTA1: Severance Ring (SR1), Flange Rings (FR1), ETL and Manifolds (ETL1), Two Pre-flight Verification Test Units
	June 18, 2008

	Option 2

	FTA2: Severance Ring (SR2), Flange Rings (FR2), ETL and Manifolds (ETL2), Two Pre-flight Verification Test Units
	Dec 18, 2008


7.1 Base – Preliminary Design from AOC to PDR

The Contractor shall perform engineering, design and analysis, project management and planning, Quality and Mission Assurance activities and conduct a PDR. There is no fabrication, testing, or integration at this time.

7.1.1 Preliminary Design 

Preliminary design shall be performed in accordance with Section 3.0 and Section 4.4.4.

7.1.1.1 Severance Ring Preliminary Design 

Preliminary CAD models, drawings and associated lists shall be developed and delivered in accordance with Section 4.7 and DRD #000CM-002.  Preliminary analysis shall be performed and delivered per Section 6.1 and DRD #000DE-001.
7.1.1.2 Upper and Lower Flange Ring Preliminary Design

Preliminary CAD models, drawings and associated lists shall be developed and delivered in accordance with Section 4.7 and DRD #000CM-002.  Preliminary analysis shall be performed and delivered per Section 6.1 and DRD #000DE-001.
7.1.1.3 ETL and Manifold Preliminary Design 

Preliminary CAD models, drawings and associated lists shall be developed and delivered in accordance with Section 4.7 and DRD #000CM-002.  Preliminary analysis shall be performed and delivered per Section 6.1 and DRD #000DE-001. 

7.1.2 Project Management 

Project Management shall be performed in accordance with Section 4.0.
7.1.2.1 Procurement

The Contractor shall begin planning for procurements in accordance with Section 4.1.2.  

7.1.2.2 Meetings, Monthly Reports and Reviews

The Contractor shall conduct meetings and reviews according to Section 4.2, 4.3 and 4.4.  

7.1.2.3 Systems Engineering

The Contractor shall accomplish Systems Engineering activities during the preliminary design phase according to Section 4.5.  The contractor shall develop and deliver a preliminary Assembly and Integration Plan per DRD #000QE-002.
7.1.3 Quality Assurance 

Quality Assurance shall be performed in accordance with Section 5.0 per DRD #000QE-001.
7.1.3.1 Safety and Reliability

Safety and Reliability shall be performed in accordance with Section 5.1 per DRD #000SA-001. 

7.1.4 Verification and Validation 

Planning for verification and validation shall be performed in accordance with Section 6.0 per DRD #000VR-001.
7.1.5 Document Deliverables

7.1.5.1 Data Requirement Documents (DRD) 

Prepare and deliver documentation in accordance with the most recent version of the ARES I-1 Upper Stage/Interstage Severance System Data Procurement Document.
7.1.5.2 PDR Package

Prepare and supply a PDR package in accordance with Section 4.4.4 and DRD #000MA-002.
7.1.6 Shipping

The Contractor shall plan for shipping in accordance with Section 3.1.11.

7.2 Option 1 – Final Design, Development Testing, Qualification Testing, Fabrication, Inspections, Delivery, and Integration

The Contractor shall perform engineering, design, project management, planning, testing, fabrication, inspections, delivery, and integration activities for a CDR, delivery of ETU, delivery of 1 spare arc segment, delivery of FTA0, delivery of FTA1 and delivery of two (2) PVT specimens of which one will be tested.

7.2.1 Detailed Design and Fabrication

Detailed design and fabrication shall be performed in accordance with Section 3.0 and Section 4.4.5.  

7.2.1.1 Severance Ring Detailed Design 

CAD models, drawings and associated lists shall be developed and delivered in accordance with Section 4.7 and DRD #000CM-002.  Analysis shall be performed and delivered per Section 6.1 and DRD #000DE-001.
7.2.1.2 Severance Ring Fabrication 

Severance ring fabrication shall be performed including the fabrication of 1 severance system, SS0 for FTA0; fabrication of 1 severance system SR1 for FTA1; fabrication of a spare arc segment; per Section 3.0 and fabrication of two (2) PVT specimens.

7.2.1.3 Upper and Lower Flange Ring Detailed Design 

CAD models, drawings and associated lists shall be developed and delivered in accordance with Section 4.7 and DRD #000CM-002.  Analysis shall be performed and delivered per Section 6.1 amd DRD #000DE-001.
7.2.1.4 Upper and Lower Flange Ring Fabrication

Upper and lower flange ring fabrication shall be performed including the fabrication of 1 set of upper and lower flange rings, FRU for the ETU to be tested at GRC, and the fabrication of 1 set of upper and lower flange rings, FR0 for FTA0; and the fabrication of 1 set of upper and lower flange rings FR1 for FTA1; per Section 3.0.

7.2.1.5 ETL and Manifold Detailed Design 

CAD models, drawings and associated lists shall be developed and delivered in accordance with Section 4.7 and DRD #000CM-002.  Analysis shall be performed and delivered per Section 6.1 and DRD #000DE-001.
7.2.1.6 ETL and Manifold Fabrication

ETL and Manifold fabrication shall be performed including the fabrication of 1 ETL0 Assembly including Manifold(s) for FTA0; and the fabrication of 1 ETL1 Assembly including Manifold(s) for FTA1; per Section 3.0.

7.2.2 Project Management 
Project Management shall be performed in accordance with Section 4.0.

7.2.2.1 Procurement

The Contractor shall conduct procurements in accordance with Section 4.1.2.  

7.2.2.2 Meetings, Monthly Reports and Reviews

The Contractor shall conduct meetings and reviews according to Section 4.2, 4.3 and 4.4.  

7.2.2.3 Systems Engineering

The Contractor shall accomplish Systems Engineering activities according to Section 4.5.  The contractor shall develop and deliver an Assembly and Integration Plan per DRD #000QE-002.

7.2.2.3.1 Integration at GRC

Integration of Severance System ETU, FTA0 and FTA1 which shall include assembly of the Flange Rings, Severance Ring pyrotechnic (except for ETU), ETLs and manifolds into the Interstage Launch Vehicle segment shall be performed at GRC in accordance with Section 4.5 and DRD #000QE-002.

7.2.2.3.2 Integration at KSC

The contractor shall support integration of the Launch Vehicle at KSC during integration of the Interstage Launch Vehicle segment that contains Severance System FTA1 per Section 4.5.

7.2.3 Quality Assurance 

Quality Assurance shall be performed in accordance with Section 5.0 per DRD #000QE-001.
7.2.3.1 Safety and Reliability 

Safety and Reliability shall be performed in accordance with Section 5.1 per DRD #000SA-001.
7.2.4 Verification and Validation 

Verification and validation shall be performed in accordance with Section 6.0.

7.2.4.1 Development Testing 

Perform development testing in accordance with Section 6.2.

7.2.4.1.1 Margin Testing 

Perform margin testing in accordance with Section 6.2.1

7.2.4.1.2 Debris Testing

Perform debris testing in accordance with Section 6.2.2.

7.2.4.2 Material Tensile Tests 

Perform material property tests in accordance with Section 6.2.3.

7.2.4.2.1 Pyroshock Panel Test 

Perform Pyroshock panel testing in accordance with Section 6.2.4.

7.2.4.2.2 Static Strength Test

Perform static strength testing in accordance with Section 6.2.5.

7.2.4.2.3 Other Development Tests

Perform other development tests as deemed necessary by the Contractor.

7.2.4.3 Qualification Testing 

Perform qualification testing in accordance with Section 6.3.
7.2.4.3.1 Severance Ring Testing
Perform tests in accordance with Table VII.

7.2.4.3.1.1 Strength Qualification Test

Perform static strength testing in accordance with Section 6.3.1.

7.2.4.3.1.2 Forty Foot Drop Test

Perform forty foot drop test in accordance with Section 6.3.2.

7.2.4.3.1.3 Eight Foot Drop Test

Perform eight foot drop test in accordance with Section 6.3.3.

7.2.4.3.1.4 Auto-ignition Temperature Test

Perform auto-ignition temperature test in accordance with Section 6.3.4.
7.2.4.3.1.5 Environmental Testing

Perform environmental testing in accordance with Section 6.3.5.

7.2.4.3.1.6 Salt Fog Tests

Perform salt fog tests in accordance with Section 6.3.5.1.

7.2.4.3.1.7 Thermal Shock Tests

Perform Thermal Shock tests in accordance with Section 6.3.5.2.

7.2.4.3.1.8 Temperature, Humidity and Altitude Tests

Perform Temperature, Humidity and Altitude tests in accordance with Section 6.3.5.3.

7.2.4.3.1.9 Sinusoidal Vibration Tests

Perform flight random vibration tests in accordance with Section 6.3.5.4.

7.2.4.3.1.10 Flight Random Vibration Tests

Perform flight random vibration tests in accordance with Section 6.3.5.5.

7.2.4.3.1.11 High Temperature Functional Test

Perform high temperature functional test in accordance with Section 6.3.5.6.

7.2.4.3.1.12 Low Temperature Functional Test

Perform low temperature functional test in accordance with Section 6.3.5.7.

7.2.4.3.1.13 Ambient Temperature Functional Test

Perform nominal temperature functional test in accordance with Section 6.3.5.8.

7.2.4.3.2 Full System Functional Verification Test 

Support full system functional verification test in accordance with Section 6.3.6.

7.2.4.3.3 Explosive Transfer Lines (ETL) Testing 

Perform qualification tests in accordance with Table VIII.

7.2.4.3.4 Manifolds Testing 

Perform qualification tests in accordance with Table IX.
7.2.5 Fabrication of Test and Integration Support Hardware

Fabricate all required test specimens and test specific special hardware and ground support equipment to support testing per Section 6.0 and integration per Section 4.5.

7.2.6 In-Process Inspections

Perform in-process inspections in accordance with Section 6.4 on ETU, FTA0, FTA1 and spare arc segment.
7.2.6.1 Dimensional Inspection

Perform dimensional inspections in accordance with Section 6.4.1 on ETU, FTA0, FTA1 and spare arc segment.

7.2.6.2 Non-destructive Evaluation (NDE)

Perform NDE in accordance with Section 6.4.2 on ETU, FTA0, FTA1 and spare arc segment.

7.2.7 Lot Acceptance and Lot Certification

Perform lot acceptance examinations in accordance with Section 6.5 on ETU, FTA0, FTA1 and spare arc segment.

7.2.8 Pre-flight Verification Test 

Pre-flight verification testing shall be performed in accordance with Section 6.6

7.2.9 Deliverables 

7.2.9.1 Shipment of ETU

7.2.9.1.1 Shipment of SRU

The SRU shall be shipped according to section 3.1.11.

7.2.9.1.2 Shipment of FRU
The FRU shall be shipped according to section 3.1.11.

7.2.9.2 Shipment of FTA0 and spare arc segment

7.2.9.2.1 Shipment of SR0, spare arc segment and ETL0

The SR0 and ETL0 shall be shipped according to section 3.1.11.

7.2.9.2.2 Shipment of FR0
The FR0 shall be shipped according to section 3.1.11.

7.2.9.3 Shipment of FTA1 and Two (2) PVT Specimens

7.2.9.3.1 Shipment of SR1 and Two (2) PVT Specimens
The SR1 and two (2) PVT specimens shall be shipped according to section 3.1.11.
7.2.9.3.2 Shipment of FR1
The FR1 shall be shipped according to section 3.1.11.

7.2.10 Document Deliverables

7.2.10.1 Data Requirement Documents (DRD) 

Prepare and deliver documentation in accordance with the most recent version of the ARES I-1 Upper Stage/Interstage Severance System Data Procurement Document.

7.2.10.2 Phase II / CDR Package

Prepare and supply a CDR package in accordance with Section 4.4.5 and DRD #000MA-002.
7.2.10.3 Phase III Acceptance Review Documentation

Prepare and supply a Phase III Acceptance Review package in accordance with DRD #000MA-003 and Section 4.4.6

7.2.10.4 Acceptance Data Package

Prepare and supply an Acceptance Data package in accordance with DRD #000MA-001 and Section 4.4.6.

7.2.10.5 Test Plans

One test plan shall be developed for each test per DRD #000VR-003.
7.2.10.6 Test Reports

One test report shall be developed for each test per DRR #000VR-004.

7.3 Option 2 – Delivery of FTA2

The Contractor shall perform engineering, project management, planning, testing, inspection, fabrication, delivery, and integration activities for delivery of FTA2 and two (2) PVT specimens of which only one will be tested. The contractor shall assume this option shall be exercised at the same time as Option 1.  Also assume that FTA2 shall be fabricated concurrently with FTA1.

7.3.1 Severance Ring Fabrication 

Severance ring fabrication shall be performed for one (1) severance ring SR2 for FTA2 per Section 3.0. and two (2) PVT specimens.

7.3.2 Upper and Lower Flange Ring Fabrication

Upper and lower flange rings fabrication shall be performed for one (1) set of upper and lower flange rings, FR2 for the FTA2; per Section 3.0.

7.3.3 ETL and Manifold Fabrication

ETL and Manifold fabrication shall be performed for one (1) ETL2 Assembly including Manifold(s) for FTA2; per Section 3.0.

7.3.4 Project Management 

Project Management shall be performed in accordance with Section 4.0.

7.3.4.1 Procurement

The Contractor shall conduct procurements in accordance with Section 4.1.2.  

7.3.4.2 Meetings, Monthly Reports and Reviews

The Contractor shall conduct meetings and reviews according to Section 4.2, 4.3 and 4.4.  

7.3.4.3 Systems Engineering

The Contractor shall accomplish Systems Engineering activities according to Section 4.5.  The contractor shall develop and deliver an Assembly and Integration Plan per DRD #000QE-002.
7.3.4.3.1 Integration at GRC

Integration of Severance System FTA2, which shall include assembly of the Flange Rings, Severance Ring pyrotechnic, ETLs and manifolds into the Interstage Launch Vehicle segment, shall be performed at GRC in accordance with Section 4.5 and DRD #000QE-002.
7.3.4.3.2 Integration at KSC

The contractor shall support integration of the Launch Vehicle at KSC during integration of the  Interstage Launch Vehicle segment that contains Severance System FTA2 per Section 4.5.

7.3.5 Quality Assurance 

Quality Assurance shall be performed in accordance with Section 5.0 per DRD #000QE-001.

7.3.5.1 Safety and Reliability 

Safety and Reliability shall be performed in accordance with Section 5.1 per DRD #000SA-001.

7.3.6 Verification and Validation 

Verification and validation shall be performed in accordance with Section 6.0 per DRD #000VR-001.

7.3.7 In-Process Inspections

Perform in-process inspections in accordance with Section 6.4.

7.3.7.1 Dimensional Inspection

Perform dimensional inspections in accordance with Section 6.4.1 on FTA2.
7.3.7.2 Non-destructive Evaluation (NDE)

Perform NDE in accordance with Section 6.4.2 on FTA2.
7.3.8 Lot Acceptance and Lot Certification

Perform lot acceptance examinations in accordance with Section 6.5 on FTA2.
7.3.9 Pre-flight Verification Test 

Pre-flight verification testing shall be performed in accordance with Section 6.6 for FTA2.
7.3.10 Deliverables 

7.3.10.1 Shipment of FTA2 and Two (2) PVT Specimens

7.3.10.1.1 Shipment of SR2 and Two (2) PVT Specimens
The SR2 and two (2) PVT specimens shall be shipped according to section 3.1.11.
7.3.10.1.2 Shipment of FR2
The FR2 shall be shipped according to section 3.1.11.

7.3.11 Document Deliverables

7.3.11.1 Data Requirement Documents (DRD) 

Prepare and deliver documentation in accordance with the most recent version of the ARES I-1 Upper Stage/Interstage Severance System Data Procurement Document.

7.3.11.2 Phase III Acceptance Review Documentation

Prepare and supply an Phase III Acceptance Review package in accordance with DRD #000MA-003 and per Section 4.4.6.

7.3.11.3  Acceptance Data Package

Prepare and supply an Acceptance Data package in accordance with DRD #00MA-001 and per Section 4.4.6.
APPENDIX A acronyms

AOC

Award of Contract
ASD

Acceleration Spectral Density
BDM

Booster Deceleration Motor
CAD

Computer Aided Drawing
CAGE

Commercial and Government Entity

CD

Compact Disc

CDR

Critical Design Review

CEV

Crew Exploration Vehicle

CIL

Critical Items List

CLV

Crew Launch Vehicle

CM

Crew Module

CMP

Configuration Management Plan

COTR

Contracting Officer's Technical Representative

CR

Change Request
CxP

Constellation Program
DVD

Digital Video Disc
ESD

Electro-Static Discharge
ETL

Explosive Transfer Lines

ETU

Engineering Test Unit

FRU

Flange Ring Unit

FR0

Flange Ring 0

FR1

Flange Ring 2

FR2

Flange Ring 3

FTA0

Flight Test Assembly 0

FTA1

Flight Test Assembly 1

FTA2

Flight Test Assembly 2

FTP

File Transfer Protocol

GFE

Government Furnished Equipment

GRC

Glenn Research Center

KSC

Kennedy Space Center

LAS

Low-Altitude Sensor

M&P

Materials and Processes

MAPTIS
Materials and Processes Technical Information System

MIUL

Materials Identification and Usage List

MSFC

Marshall Space Flight Center

MUA

Materials Usage Agreement

NDE

Non-Destructive Evaluation 

NDT

Nondestructive Test
NSD

NASA Standard Detonator
OML

Outer Mold Line

PB

GRC Plum Brook Station near Sandusky, Ohio
PDF

Portable Document Format

PDM

Product Data Management

PDR

Preliminary Design Review

PM

Project Manager
PVT

Pre-flight Verification Test

RoCS

Roll Control System

RFP

Request for Proposal

RID

Review Item Discrepancy

RMS

Reliability, Maintainability, and Supportability
S&MA

Safety and Mission Assurance

SCC

Stress Corrosion Cracking

SM

Service Module

SOW

Statement of Work

SPF

Space Power Facility

SRU

Severance System U (without pyrotechnics)

SR0

Severance System 0

SR1

Severance System 1

SR2

Severance System 2

STR

System Test Review

TBD

To Be Determined

WBS

Work Breakdown Structure
APPENDIX B government furnished equipment & facilities
B.1 Equipment

NASA Detonators (NSD) will be provided to the Contractor.  Prospective contractors shall submit with their proposal the estimated quantities required.  The Contractor shall inform NASA of actual quantities needed at least six months prior to the actual required date. 

B.2 Facilities

NASA will furnish the Space Power Facility at PB Station. The time of use will be that needed to perform a joint stiffness test and a functional verification test, and the associated assembly and disassembly. The total time is estimated as two months.

NASA will provide the engineers and technicians to operate the SPF during the tests.

NASA will provide necessary facilities to assemble the FTA1 and the optional FTA2.  Standard tools will be made available.

APPENDIX C MILESTONE SchedulE
To meet project milestones, the proposed schedule below is very aggressive. Each prospective contractor shall provide its schedule with the proposal.
	#
	Event
	Due No Later Than
	#
	Event
	Due No Later Than

	1
	Award of Contract (AOC)
	1/5/07
	7
	Integration of FTA0
	 3/27 to 4/9/08

	2
	PDR
	AOC +3 mo
	8
	PB Severance Test
	4/15 to 5/13/08

	3
	CDR
	AOC +5.5 mo
	9
	Delivery of FTA1
	6/18/08

	4
	Delivery of Panel Shock Test Data
	11/8/07
	10
	Integration of FTA1
	6/18-26/08

	5
	Delivery of ETU
	10/1/07
	11
	Delivery of FTA2
	12/18/08

	6
	Delivery of FTA0
	3/18/08
	12
	Integration of FTA2
	1/1-15/09


[image: image15.emf]MILESTONE SCHEDULE

Event Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Contract Award

PDR

CDR

Deliver 2 Flange Rings

Deliver ETU

Delivery Spare Arc Segment

Deliver Shock Test Samples

Strength Qualification Test

Shock Test Firing

Deliver 2 Flange Rings

Deliver FTA0

Severance Test

Deliver 2 Flange Rings

Deliver FTA1

Deliver 2 Flange Rings

Deliver FTA2 (optional)

2007 2008


BDM (Tumble)





BDM (Pull Back)
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