STATEMENT OF WORK – REV A
VAcuum box for the nglt reaction control engine
1. Introduction

1.1 Objective & Scope

The objective of the effort described by this Statement of Work (SOW) is to fabricate, assemble, test and deliver a vacuum enclosure (box) that will be used in conjunction with testing of an advanced reaction control engine (RCE) in support of the Next Generation Launch Technology (NGLT) program.

It is the desire of the government that existing designs or adaptations of existing designs be used as much as possible.  Preference will be given to offerors which meet all the requirements specified herein, however offerors are encouraged to propose designs which may include exceptions to certain requirements provided there is a benefit to the Government in terms of schedule, cost, performance or other factors.

1.2 General Requirements

The Contractor shall design, fabricate, test and deliver a vacuum box that must survive handling, transportation, and testing environments. The contractor shall design the end item and shipping containers for transportation to WSTF in Las Cruces , New Mexico according to NPG 6000.1E and shall deliver the end item to WSTF.
1.3 Background

As part of the NGLT program, testing of an advanced reaction control engine will take place at the NASA White Sands Test Facility (WSTF).  The RCE uses liquid oxygen and liquid ethanol as propellants.  The RCE will be installed in a test chamber (test cell) that simulates high altitude performance (i.e. a moderately low pressure environment).  Located within this test cell will be the subject vacuum box.  The vacuum box is intended to maintain a simulated space vacuum environment.

The vacuum box will support three RCE during thruster operations and contain fluid lines which interface to the engines as well as the propellant feed system located within the test cell but external to the vacuum box.  The vacuum box will support the thrust loads from the engines as defined in section 3.7.   Note that the engine will exhaust into the surrounding test cell and not into the subject vacuum box.  The vacuum box will also accommodate a number of fluid and electrical interfaces necessary for thruster testing.  The fluid lines may contain cryogenic propellants and certain flange interfaces will reach -320 deg F. The vacuum box will be supported by primary structure.  
1.4 Definitions

The following definitions differentiate between requirements and other statements.


Shall:  

This is the only verb used for the binding requirements.


Should/May:  
These verbs are used for stating non-mandatory goals.


Will:  

This verb is used for stating facts or declaration of purpose.

2. Applicable Standards and Specifications

The following standards and specifications are applicable to the extent specified herein.  The Contractor shall utilize the most recent version of these documents at contract award.  Where the Contractor proposes to utilize commercial specifications and standards in lieu of the documents specified below, the Contractor shall provide documentation that demonstrates the applicability of the proposed commercial specification.

MIL-PRF-27401D
Propellant, Pressurizing Agent, Nitrogen

MIL-PRF-27407B
Propellant, Pressurizing Agent, Helium
NPG-6000.1.E
Requirements for Packaging, Handling, and Transportation for Aeronautical and Space Systems, Equipment, and Associated Component
JSC PRC-0005
Process Specification for the Manual Arc Welding of Carbon Steel and Nickel Alloy
AWS D17.1 
Fusion Welding for Aerospace Applications
AMS-STD-2219 
Aerospace Weld Specification

MSFC-SPEC-560  
The Fusion Welding of Steels, Corrosion and Heat Resistant Alloys
3. End Item Requirements

3.1 Dimension:  The vacuum box shall meet the envelope requirements specified in NASA drawing SLN-24100309.

3.2 Weight:  The assembled vacuum box including the door shall weigh no more than 1725 lbm.

3.3 Access Door

3.3.1 Quantity:  The vacuum box shall include a single hinged door.  

3.3.2 Location:  The location of the door shall be consistent with NASA drawing SLN-24100309.

3.3.3 Physical Size:  The size of the door opening shall be maximized to provide the greatest amount of personnel access to the interior of the vacuum box.

3.3.4 Additional Provisions:  The door may include additional strengthening provisions (e.g. clamps, bolts, etc) as necessary to comply with the pressure containment requirements specified in section 3.5.

3.4 Interfaces

3.4.1 Structural:  The vacuum box shall include provisions for attachment to the test system primary structure as shown in NASA drawing SLN-24100309.

3.4.2 RCE Interface

3.4.2.1 Quantity:  The vacuum box shall include provisions for attaching three RCE’s as shown in NASA drawing SLN-24100309.

3.4.2.2 Type:  The physical interface shall be a bolted flange connection as shown in NASA drawing SLN-24100309.

3.4.2.3 Location:  The RCE interfaces shall be located as shown in NASA drawing SLN-24100309 including dimensional tolerances.

3.4.2.4 Perpendicularity:  The bolted flange interfaces shall comply with the perpendicularity tolerance specified in NASA drawing SLN-24100309.

3.4.2.5 Surface Finish:  The mating surface of the bolted flange interfaces shall comply with the surface finish specified in NASA drawing SLN-24100309.

3.4.2.6 The vacuum box shall be capable of absorbing 250 Btu/hr heat leak at an engine interface temperature of 250°F from each RCE engine and continue to function nominally.

3.4.3 Fluid Feedthrough Interfaces

3.4.3.1 Quantity:  The vacuum box shall include provisions for two fluid feed-through interface plates as shown in NASA drawing SLN-24100309.

3.4.3.2 Type:  The physical interface shall be a 6” Conflat-style vacuum flange connection as shown in NASA drawing SLN-24100309.

3.4.3.3 Location:  The interfaces shall be located as shown in NASA drawing SLN-24100309.
3.4.3.4 Temperature: The temperature of the fluids that pass through the interface plate will range from -320 deg F to +140 deg F.
3.4.3.5 
3.4.4 Fluid Bayonet Interfaces

3.4.4.1 Quantity:  The vacuum box shall include provisions for two fluid bayonet interface plates as shown in NASA drawing SLN-24100309.

3.4.4.2 Type:  The physical interface shall be a 6” Conflat-style vacuum flange connection as shown in NASA drawing SLN-24100309.

3.4.4.3 Location:  The interfaces shall be located as shown in NASA drawing SLN-24100309.

3.4.5 Electrical Feedthrough Interfaces

3.4.5.1 Quantity:  The vacuum box shall include provisions for three electrical feedthrough interface plates as shown in NASA drawing SLN-24100309.  

3.4.5.2 Type:  The physical interface shall be a 12” Conflat-style vacuum flange connection as shown in NASA drawing SLN-24100309.

3.4.5.3 Location:  The interfaces shall be located as shown in NASA drawing SLN-24100309.

3.4.5.4 
3.4.6 Vacuum Pump Interface

3.4.6.1 Quantity:  The vacuum box shall include provisions for one vacuum pump interface as shown in NASA drawing SLN-24100309.  

3.4.6.2 Type:  The physical interface shall be a 10” Conflat-style vacuum flange connection as shown in NASA drawing SLN-24100309.

3.4.6.3 Location:  The interface shall be located as shown in NASA drawing SLN-24100309.

3.4.6.4 
3.4.7 Purge Outlet Interface

3.4.7.1 Quantity:  The vacuum box shall include provisions for one purge outlet interface as shown in NASA drawing SLN-24100309.  

3.4.7.2 Type:  The physical interface shall be a  2.75” Conflat-style vacuum flange connection as shown in NASA drawing SLN-24100309.

3.4.7.3 Location:  The interface shall be located as shown in NASA drawing SLN-24100309.

3.4.7.4 
3.4.8 Rupture Disc Interface

3.4.8.1 Quantity:  The vacuum box shall include provisions for one rupture disc interface as shown in NASA drawing SLN-24100309.  

3.4.8.2 Type:  The physical interface shall be an 8” NPS Class 150 pipe flange connection as shown in NASA drawing SLN-24100309.

3.4.8.3 Location:  The interface shall be located as shown in NASA drawing SLN-24100309.

3.4.8.4 Surface Finish:  The mating surface of the bolted flange interface shall comply with the surface finish specified in NASA drawing SLN-24100309.

3.4.9 Optical Viewports and Interfaces

3.4.9.1 Quantity:  The vacuum box shall include provisions for 3 optical viewports.

3.4.9.2 Glass Type:  Each optical port shall use glass compatible with the fluids and operations described herein.

3.4.9.3 Flange Type:  Each optical viewport shall use an 8” Conflat-style vacuum flange connection as shown in NASA drawing SLN-24100309.

3.4.9.4 Size:  Each optical viewport shall provide a minimum viewing diameter of 5 inches.

3.4.9.5 Location:  The 3 optical viewports shall be located as shown in NASA drawing SLN-24100309.

3.4.9.6 
3.5 Pressure

3.5.1 During operation, the vacuum box shall be capable of being pumped down to and maintained at a pressure of approximately 1x10-6 torr (or better) using externally located vacuum pumps.

3.5.2 Internal Delta:  The vacuum box shall withstand a maximum delta pressure of 15 psid in the direction of inside to outside without degradation of performance.  The NASA installed rupture disc will be sized to limit the internal delta pressure to 15 psid.

3.5.3 External Delta:  The vacuum box shall withstand a maximum delta pressure of 15 psid in the direction of outside to inside without degradation of performance.

3.5.4 Factor of Safety:  The factors of safety on pressure ratings shall be 1.5 to yield and 4 to ultimate tensile strength.   

3.5.5 Proof Pressure Test. The proof pressure for internal pressurization (15 psid inside to outside) shall be a factor of 1.3 for hydrostatic proof and 1.1 for a pneumostatic test.

3.6 Leakage

With the door secured and all interface plates blanked off and sealed with the appropriate seals, the vacuum box shall leak no greater than 1x10-6 sccs when internally pressurized with gaseous helium at 15 psid.

3.7 Environments

3.7.1 Structural Loads

3.7.1.1 Weight:  The stinger box shall be designed to support its own weight plus 600 lbm of additional equipment installed within the box reacted at the structural interface plane defined in section 3.4.1.

3.7.1.2 Thrust Load:  The stinger box shall be designed to accommodate loads during thruster operations of 1000 lbf axial and 50 lbf lateral from each of the three RCE interface locations simultaneously applied as shown in NASA drawing SLN-24100309.  

3.7.1.3 Thrust Load Frequency: The box shall not respond detrimentally to thrust loads pulsed at 12 Hz and lower. 

3.7.1.4 Dynamic Load factor: A dynamic load factor of 2 shall be applied to the thrust loads to account for overshoots and frequency response.  

3.7.1.5 Load Cases: The vendor shall analyze and test for 3 load cases:

3.7.1.5.1 Case 1: All Three Engines loads applied simultaneously with external pressure differential of 14.7 psid
3.7.1.5.2 Case 2: Test Cell External Pressure of 15 psia and vacuum in the box.(no engines firing)

3.7.1.5.3 Case 3: Internal Box pressure of 15 psid inside to outside (no engine firing)

3.7.2 Thermal Environment

3.7.2.1 Natural:  During non-operating periods, the stinger box shall be designed to survive temperatures between -40 deg F and 120 °F without subsequent performance degradation.

3.7.2.2 Induced:  During operating periods, the stinger box shall be designed to operate with temperatures between -320 deg F and 250 °F without performance degradation.

3.7.3 Transportation:  The end item shall be shipped to WSTF in Las Cruces, New Mexico.

3.8 Design and Construction

3.8.1 Materials:  The vacuum box shall be constructed using 300 series stainless steel.

3.8.2 Welding:  Weld and Inspect per JSC PRC-0005 Class B.  Alternatively, welds conforming to AWS D17.1 Class B, AMS-STD-2219 Class B, or NASA/MSFC-SPEC-560 Class II, shall also be acceptable.
3.8.3 Compatibility:   Materials and processes used in the vacuum box shall be compatible with the following fluids:

· Oxygen:  liquid (143 R minimum) and gaseous (600 R maximum)

· Nitrogen:  liquid (143 R minimum) and gaseous (600 R maximum)

· Ethanol: liquid or saturated vapor (500 R minimum, 600 R maximum),

· Gaseous helium

· Cleaning agents:  HFE7100, deionized water, and isopropyl alcohol

3.8.4 Non-Pressure Related Structural Factors of Safety:  The vacuum box shall be designed using a minimum safety factor of 2 against yield or permanent deformation and 3 against ultimate failure or collapse.

3.8.5 Cleanliness:  The vacuum box shall be cleaned and delivered free of manufacturing residue, dirt, oil, grease, processing debris of other extraneous contamination that is consistent with meeting vacuum requirement in 3.5.1. 
3.8.6 Identification Plate:  The vacuum box shall be marked with the part identification, including the following (as a minimum):  manufacturer’s model number consistent with vendor drawings, manufacturer’s name or trademark, contract number and maximum pressure ratings.

4. Deliverables

4.1 Hardware 

4.1.1 Vacuum Box:  One vacuum box shall be delivered to NASA in accordance with the schedule shown in the contract.  The as-delivered vacuum box shall include the door, all interface flanges and the optical viewports installed.
4.1.2 Interface Hardware:  For each interface flange connection, a mating blanking plate along with appropriate seals and fasteners shall be delivered with the end item.  This interface hardware shall be capable of sealing the vacuum box for the purposes of performing leakage testing as well as maintaining internal cleanliness during transportation or storage.

4.2 Documentation

4.2.1 Critical Design review data package per DRD #1 is to be provided.  Analysis reports shall be developed for those requirements verified by analysis.  Analysis reports shall be delivered with the critical design review package.

4.2.2 Drawings:  Drawings shall be provided to NASA for review prior to the start of manufacturing.  A final set of as-built drawings shall be provided to NASA with the end item.

4.2.3 Verification Matrix:  A verification matrix shall be provided with the proposal package to indicate the planned method for verifying each requirement listed in section 3 of this document.  The verification matrix shall be updated as required with NASA approval.  Acceptable forms of verification are: inspection, demonstration, test and analysis.

4.2.4 Acceptance Data Package:  An acceptance data package (ADP) per DRD #2 shall be delivered with the end item.  The ADP shall include all test records and failure reports.

4.2.5 
5. Reviews

5.1 Contract Kick-off Review:  A contract kick-off review shall be held via telecon between NASA and the contractor no later than 1 week after contract award.  The kick-off review is intended to ensure that all parties understand the detailed requirements and the methods for satisfying those requirements as well as the program schedule.

5.2 Design Review:  A critical design review per DRD #1 shall be held at NASA/JSC between NASA and the contractor no later than 1 month after contract award.  The design review is intended to provide NASA with the detail design information prior to manufacturing of the end item.  The end product of the design review will be approval to proceed to manufacturing and testing of the end item.

5.3 Telecons:  Weekly telecons shall be held between NASA and the contractor to facilitate the exchange of information and to discuss work status and problem resolution.  
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