Contract:  NNL10AA03C 
RFP - Mod 1 – 4/22/09


12/10/2009 1:21 PM

Statement of Work

Title:   Inflatable Reentry Vehicle Experiment- 3 (IRVE – 3) and Other Inflatable Analysis & Development
1.0 
Introduction/Background: 
Recent systems analysis studies are showing that inflatable aeroshells are an enabling technology for high mass Mars systems. On August 17, 2009, the IRVE-II project (with a 2.93m (115in) inflatable aeroshell) was launched on sounding rocket out of Wallops Flight Facility, with a goal of demonstrating the concept of inflatable reentry vehicles. During the IRVE-II flight, the aeroshell inflated as designed and maintained stability not only through hypersonic reentry but also through the supersonic, transonic and subsonic flight regimes.  With this IRVE-II proof-of-concept demonstration, a next logical step would be a flight test to increase the heat flux on the inflatable (to get closer to a more operationally realistic flight environment).
2.0 
Scope of Work: 
CLIN 1:  IRVE-3 Design, Development and Fabrication

NASA LaRC, in conjunction with the Fundamental Aerodynamics Program Hypersonics Project, has initiated IRVE-3 which will build on both IRVE-II and ongoing ground-based developments, with a primary goal of 5X to 10X higher heat flux than IRVE-II (which was 2W/cm2).  IRVE-3 will be launched on a Black Brant XI with a 22in (0.55m) shroud.  The target ballistic number of the reentry vehicle is double that of IRVE-II, so the payload being decelerated by the aeroshell will be roughly 200kg (441lb), more than the mass allocated for the aeroshell.  Preliminary estimates of the peak deceleration are on the order of 25g (and this is the value to be used for preliminary aeroshell/payload interface loading).
After integration and system testing, the inflatable article will be hard-packed for launch and remain in a stowed configuration for several months before launch, inflation, and reentry.

Components of the inflatable aeroshell will include: Inflatable Structure, Thermal Protection System, Restraint System, and Instrumentation. 
The contractor shall be responsible for the design, structural analysis, and fabrication of the inflatable aeroshell as an integrated system, as well as integration to the rest of the inflatable reentry vehicle and support of IRVE-3 system testing. The contractor shall design to the specifications in this Statement of Work.  While some specifications produce an end product more capable than is required for the flight environment of this particular mission, the intent is to feed-forward this technology/capability development to flight tests that will expose the components to more severe environments.

CLIN 2:  IDIQ Task Orders

Task orders may be issued for additional support as described herein.  Task orders may be issued for any and all related efforts to support the design, development, fabrication or testing of the IRVE-3 system.  Orders may consist of, but are not limited to, the following:

1) Design, development, and fabrication of a larger diameter secondary decelerators to be deployed subsonically, with a goal of decelerating the reentry vehicle to mitigate damage due to water impact and help maintain buoyancy after splashdown.

2) Perform additional, and/or, support coupon testing to determine material properties.  

3) Develop a mass estimation tool for a range of inflatable aeroshell sizes, up to 50 meters (165 feet) in support of the Entry-Descent and Landing Systems Analysis studies.

4) Develop a engineering development unit of a larger scale aeroshell (on the order of 15 meters (50 feet)).

5) Provide additional sample coupons of flight materials, seams, and joints for additional testing. 

6) Perform additional concept and design studies and analyses relevant to flight use of inflatable reentry vehicles.
7) Build spare Thermal Protection System in the event that the flight unit is damaged during the final system testing at LaRC.
8) Provide engineering and technician participation for pre-launch testing and integration to be conducted at NASA Wallops Flight Facility (spring 2012).
9) Support additional project reviews such as peer reviews and pre-launch reviews.

10) Perform analysis of post-flight data to determine in-flight aeroshell performance and present results at Post-Flight Data Analysis Review.
3.0
Description of the Work to be Performed (CLIN 1):      

The Contractor shall perform the following:
3.1  The Contractor shall be required to participate in and/or travel to the presentations or meetings as specified below: 
	Task
	MEETING
	FREQUENCY/DATE
	DURATION
	LOCATION

	3.1.1
	Project/Mission Preliminary Design Review (PDR) 
	 Approximately 3 months after award.
Date and time to be mutually agreed upon by the Contractor and COTR.
	1 day
	NASA LaRC

Hampton, VA

	3.1.2
	EDU Acceptance Test Review
	Approximately 10 months after award
Date and time to be mutually agreed upon by the Contractor and COTR.
	1 day
	Contractor’s Facilities

	3.1.3
	Project/Mission

Critical Design Review (CDR) 
	Approximately 12 months after award
Date and time to be mutually agreed upon by the Contractor and COTR.
	1 day
	NASA LaRC

Hampton, VA

	3.1.4
	Flight Unit Acceptance Test Review
	Approximately 16 months after award
Date and time to be mutually agreed upon by the Contractor and COTR.
	1 day
	Contractor’s Facilities

	3.1.5
	Reentry Vehicle Integration and Testing
	Approximately 17 to 18 months after award
Date and time to be mutually agreed upon by the Contractor and COTR.
	3 weeks
	NASA LaRC

Hampton, VA

	3.1.6
	Project/Mission

Pre-Ship Review (PSR)
	Approximately 22 months after award
Date and time to be mutually agreed upon by the Contractor and COTR.
	1 day
	NASA LaRC

Hampton, VA

	3.1.7
	Release Loop Installation
	Approximately 23 months after award

Date and time to be mutually agreed upon by the Contractor and COTR.
	1 day
	NASA Wallops Flight Facility, Wallops Island, VA

	3.1.8
	Project/Mission

Launch Readiness Review 
	Approximately 5 days prior to launch. 
Date and time to be mutually agreed upon by the Contractor and COTR.
	1 day
	NASA LaRC

Hampton, VA or Wallops Flight Facility

	3.1.9
	Flight Test Operations
	Approximately 24 to 26 months after award
Date and time to be mutually agreed upon by the Contractor and COTR.
	2 days
	NASA Wallops Flight Facility, Wallops Island, VA

	3.1.10
	Project/Mission

Lessons Learned Review
	Approximately 2 months after launch

Date and time to be mutually agreed upon by the Contractor and COTR.
	1 day
	NASA LaRC

Hampton, VA


3.1.1  For the Preliminary Design Review (PDR), the contractor shall participate in the Government-led IRVE-3 project PDR.  The contractor shall demonstrate that the preliminary design of the inflatable aeroshell meets all system requirements with acceptable risk and within the cost and schedule constraints and establishes the basis for proceeding with detailed design. The review will demonstrate the design options that have been selected, interfaces shall be identified, and verification methods shall be described.  The contractor shall prepare a presentation in PowerPoint.  An electronic version of the Presentation shall be delivered to the Contracting Officer and COTR at least 10 days prior to the briefing.  
3.1.2  For the Engineering Development Unit (EDU) Acceptance Test Review, the contractor shall fabricate and deliver to LaRC the IRVE-3 EDU per the IRVE-3 Inflatable Article Specification.  The contractor shall provide facilities, and engineering, technician, and quality assurance participation for the EDU acceptance testing to be conducted at the contractor’s facility. All EDU testing shall be conducted in accordance with the Government provided IRVE-3 Inflatable Article Acceptance Test Plan (detailing test requirements such as structural analysis, leak-rate testing, proof pressure test, dimensional verification (stowed and deployed), and mass). The Government will attend the EDU Acceptance Testing Review and evaluate whether the EDU fulfills requirements and specifications.  The Contractor shall prepare a presentation detailing the testing outcomes.  An electronic version of the presentation shall be delivered to the CO and COTR at least 3 days prior to the review.  

3.1.3  For the Critical Design Review (CDR), the contractor shall participate in the  government-led IRVE-3 project CDR.  The contractor shall demonstrate that the maturity of the inflatable aeroshell design is appropriate to support proceeding with full-scale fabrication, assembly, integration, and test. The review determines that the technical effort is on track to complete the system development, meeting mission performance requirements within the identified cost and schedule constraints. At this point in time, the contractor shall demonstrate that any necessary integration facilities, support personnel, and integration plans and procedures are ready for integration or will be ready at the appropriate times in reference to the project schedule.  The contractor shall prepare a presentation in PowerPoint.  An electronic version of the Presentation shall be delivered to the CO and COTR at least 10 days prior to the briefing.  
3.1.4  For the Flight Unit Acceptance Test Review, the contractor shall fabricate and deliver to LaRC the IRVE-3 flight unit per the IRVE-3 Inflatable Article Specification. The contractor shall provide facilities, and engineering, technician, and quality assurance participation for the flight unit acceptance testing to be conducted at the contractor’s facility. All flight unit testing shall be conducted in accordance with the IRVE-3 Inflatable Article Acceptance Test Plan (detailing test requirements such as structural analysis, leak-rate testing, proof pressure test, dimensional verification (stowed and deployed), and mass).  The Government will attend the Flight Unit Acceptance Review and evaluate whether the flight unit fulfills requirements and specifications.  The Contractor shall prepare a presentation detailing the testing outcomes.   An electronic version of the presentation shall be delivered to the CO and COTR at least 3 days prior to the review.  

3.1.5  For the Reentry Vehicle Integration and Testing, the contractor shall provide engineering and technician participation for integration and testing to be conducted at LaRC. Specifically, the contractor shall participate in the integration of the inflatable article with the payload, inflation and dimensional verification, and vacuum deployment testing of the integrated IRVE-3 Reentry Vehicle.  The contractor shall hard-pack the inflatable article into the launch configuration before the vacuum deployment test and re-pack the inflatable article post-test.  This testing is to be conducted at NASA Langley Research Center (approximately a three-week effort).  

** For proposal purposes, the level of effort estimated for this task is 160 man-hours of direct labor, including subcontract labor, if any. The contractor shall propose skill mix composition for the estimated total man-hours.** 

3.1.6  For the Pre-Ship Review (PSR), the contractor shall participate in the Government-led project PSR and shall present test results.  The purpose of the PSR is to examine the RV, its documentation, and test data and analyses that support verification that the system meets the criteria for shipping to Wallops Flight Facility (WFF); and that it and its ground support equipment will be transported safely to WFF. The contractor shall prepare a presentation in PowerPoint.  An electronic version of the Presentation shall be delivered to the CO and COTR at least 10 days prior to the briefing.  

3.1.7  For the Release Loop Installation, the contractor shall provide engineering and technician participation to install the new release loop post environmental testing during integration and testing at Wallops Flight Facility. 
3.1.8  For the Launch Readiness Review, the contractor shall participate in the  Government-led Launch Readiness Review.  This review occurs approximately 5 days prior to launch. The purpose of the Launch Readiness Review is to determine the final prelaunch readiness status of the launch vehicle, payload, range support, and certifies the total system is ready to proceed to final countdown. The contractor shall prepare a presentation in PowerPoint. An electronic version of the Presentation shall be delivered to the CO and COTR at least 10 days prior to the briefing.  

3.1.9  For the Flight Test Operations, the contractor shall provide engineering participation for flight test operations to be conducted at NASA Wallops Flight Facility, including participation in at least one dress rehearsal, as well as the actual launch.
3.1.10  For the Lessons Learned Review, the contractor shall participate in the Government-led IRVE-3 program Lessons Learned Review.  This review occurs after launch, and the contractor shall identify, review and consolidate lessons learned from the project. The contractor shall prepare a presentation in PowerPoint.  An electronic version of the Presentation shall be delivered to the CO and COTR at least 10 days prior to the briefing.  


3.2  Inflatable Structure: The contractor shall provide an inflatable structure with the 
following attributes:

3.2.1  Geometry:  3.00 +/- 0.01m (118.1 +/0.4in) in diameter (inner diameter of 0.381m (15.00in)); 60 deg half-angle cone (+/- 5 deg).  Shoulder radius maximum of 0.051m (2.00in).  Note that based on our on-going in-house studies, we do not desire isotensoid or tension cone configurations for hypersonic applications.
3.2.2  The inflatable structure shall have sufficient rigidity when inflated to maintain its flight shape in near-zero gravity while performing attitude control maneuvers.  The structural model will be exercised to determine response to Attitude Control System forces and rates.  Currently the rotation rates are projected to be on the order of single degrees per second. The inflatable shall be pressurized with lab-grade clean, dry nitrogen.
3.2.3  Maximum expected operating pressure (MEOP):

· 138kPa (20psig).

· Proof pressure of 1.5X MEOP required.

· Burst pressure of 2X MEOP required.
3.2.4  Leak-rate: At 138kPa gage (20psig) internal gauge pressure, 7.1 standard liters per minute (slpm) (0.25 standard cubic ft per minute [scfm]) or less in vacuum and 28.3slpm (1.0scfm) or less at sea level static (SLS) pressure (IRVE-II 116.1slpm (4.1scfm) at SLS).

3.2.5  Maximum atmospheric entry load: Support 8kPa (1.16psi) uniform pressure distribution on forward surface of cone and near vacuum on the aft surface.  While under 8 kPa uniform pressure distribution, shall maintain at least 95 per cent of drag area of unloaded shape.  
3.2.6  Maximum expected operating temperature: A 250C (482F) for short duration (~10 sec at peak temperature).  To provide a safety factor, the bladder should be capable of surviving peak temperatures on the order of 300C (572F) for that same duration. 
3.2.7  Mass: Inflatable structure shall have a maximum mass of 22.5 kg (49.6 lb), including bladder, fill lines, and structural attachments to center body. 
3.2.8  Packing: Inflatable structure shall pack for flight as described below in Combined System Requirements section.
3.2.9  Damage Tolerance: The Bladder shall demonstrate tolerance to damage (e.g., puncture) without compromising structural integrity (i.e., limit or prevent damage propagation)

3.2.10  The inflatable structure shall provide inflation lines and pressure sense lines from the inflatable volumes in the structure to the centerbody with an interface to be specified by NASA in the IRVE-3 Inflatable Article Specification.

3.2.11  The inflatable structure shall tie structurally to the centerbody.  The contractor shall develop the interface between the inflatable structure and the centerbody in concert with NASA team.
3.3   Thermal Protection System (TPS): The contractor shall provide a TPS with the following attributes:

3.3.1  The contractor shall construct the Flexible TPS of multiple layers.  
3.3.1.1  Outer high temperature fabric (current concept: two plies Nextel BF20; alternate materials under consideration include Refrasil UC100, Nextel AF14, and custom-weave silicon-carbide cloth).  The seams shall be constructed to survive temperatures on the order of 1100C for durations of approximately 120sec, under loads on the order of 10lbs per inch.  Outer ply seams shall be constructed to minimize surface distortion and related flow disturbances.

3.3.1.2  Insulating layer (current concept: two plies Aspen Pyrogel 3350; alternate concepts include other PAN fiber needled felt composites). 

3.3.1.3  Gas barrier (current concept: two plies polyimide film; alternate concepts include single ply of arimid reinforced polyimide film and expanded Teflon Polyimide filled composite film).

3.3.2  The contractor shall quilt the flexible TPS in a pattern to prevent misalignment of the plies relative to each other.
3.3.3  The contractor shall anchor the flexible TPS to the underlying structure at multiple discrete points to prevent misalignment of the TPS relative to the underlying structure.  (Quantity and locations to be approved after contract award in concert with NASA team).
3.3.4  The contractor shall use the same layup on the rigid nose and the deployable cone.

3.3.5  The target composite mass for the TPS (nose and deployable) is 25.0kg (55.1lb).
3.3.6  Rigid Nose TPS
3.3.6.1  Flexible TPS shall cover and attach to the vehicle nose cap and shall have accommodations for four thermal flux gauges (currently Schmidt-Boelter gages) measuring surface heat flux, and have approximately 24 embedded type K thermocouples 30AWG (American Wire Gauge), to take measurements between each ply.  Nose cap geometry is a 60deg sphere cone as shown in Figure 1.  The contractor shall develop attachment method of TPS to nose cap in concert with NASA team. (Current NASA conceptual design is a clamped restraint around max diameter.)
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 Figure 1.  Nose Cap Geometry
3.3.6.2  The contractor shall be responsible for integration of the TPS to the rigid nose cap structure.
3.3.6.3  The contractor shall work the interface for integration of the flux gauges to the flexible TPS nose with the NASA team.

3.3.6.4  The contractor shall be responsible for integration of thermocouples between the layers of the flexible TPS nose cover.


3.3.7  Deployable Cone TPS (protecting the inflatable structure):

3.3.7.1  The TPS shall cover the deployable cone from beneath the rigid nose transition to beyond the deployed maximum diameter (see Figure 2).
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Figure 2.  Deployable Cone TPS
3.3.7.2  The contractor shall design and develop the TPS/Inflatable Structure Interface. 

3.3.7.3  The contractor shall integrate the flexible TPS to the inflatable structure. 

3.3.7.4  The contractor shall integrate approximately 48 type K thermocouples embedded in the assembly at locations to be agreed to after the award of the contract.  (Current NASA plans call for thermocouples between the outermost fabric ply and the next underlying fabric ply in the flexible TPS.)

3.4  Restraint System - The contractor shall provide a restraint system with the following attributes:

3.4.1  The restraint system shall secure the inflatable in the stowed configuration during ground handling, testing, and launch. The contractor shall design to launch loads as specified in the Sounding Rocket Payload Handbook for a Black Brant XI launch vehicle, electronically available on the NASA WFF Sounding Rocket website, http://sites.wff.nasa.gov/code810/.
3.4.2  The restraint system shall release the inflatable article in flight.
3.4.3  The restraint system shall have provisions for applying balance weights to correct any imbalance the stowed aeroshell system. Discrete balance weights of up to 2kg (4.4lb) may be required in multiple locations.
3.4.4  The target mass for the restraint system without balance masses is 3kg (6.6lb).  
3.5   Combined System Requirements: 
3.5.1  The components shall work together as a system to achieve a packing density of at least 400kg/m3 (25 lb/ft3) in conical shape defined in Figure 3.
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Figure 3.  Conical Packing Volume
3.5.2  The components shall work together to as a system to achieve a maximum allowable system mass of 50.5 kg (111 lbs). 
3.5.3  The TPS shall be able to survive at least three hard packs without experiencing damage that will degrade the TPS performance.  A hard pack involves bending, folding, and compressing the material in a vacuum bag, under approximately 101kPa (14.7psi) pressure load.  After each hard pack, the material shall not experience damage that will degrade TPS performance.


3.6  Project Schedule:  The contractor shall develop and maintain a detailed Project Schedule. This schedule shall be in the contractor’s format in the form of a milestone or Gantt chart.  This schedule shall be provided in electronic format.  The schedule shall contain all of the contract events and milestones, accomplishments, criteria, and activities from contract award to the completion of the contract.  The schedule shall be an integrated, logical schedule that correlates to the IRVE-3 program schedule.  It shall have a numbering system that provides traceability through the Statement of Work.  This information will be used to verify attainability of project objectives, evaluate the progress of the contractor toward meeting project objectives, and to integrate project schedule with IRVE-3 program schedule.  Key elements are as follows:

· Project milestones and definitions. Key programmatic events defined by the contractor which define progress and completion of each WBS element.
· Summary master schedules. A graphical display of top-level project activities and key events and milestones in an integrated fashion at the summary level of the WBS, e.g. level 1-3 of the WBS.
· Intermediate schedules.  A graphical display of top-level program activities and key milestones which includes all associated accomplishments, traceable to the WBS element as necessary to display the work effort at the intermediate level of summarization, e.g. level 3-5 of the WBS as appropriately tailored. 

3.7  Monthly Technical Progress Reports:  The Contractor shall submit separate monthly reports of all work accomplished during each monthly period of contract performance.  Sufficient diagrams, sketches, curves, photographs, and drawings should be included to convey the intended meaning.  Reports shall be in narrative form, brief, and informal.  These reports shall include (at a minimum) the following:
(a) Quantitative descrip​tion of progress. 

(b) An indication of any current problems that may impede performance.

(c) Proposed corrective action. 

(d) A discussion of the work to be performed during the next monthly reporting period. 

The Monthly Technical Progress Report shall be submitted within 10 business days after the end of each monthly report period.  

4.0
Technical Deliverables
	ITEM NO.
	task Ref
	DELIVERABLE DESCRIPTION
	QTY.
	DUE DATE
	Delivery Instructions

	4.1
	3.10
	Project Schedule
	1 EA
	30 day after contract award; updated monthly
	Delivered to COTR and CO electronically

	4.2
	3.11
	Monthly Technical Progress Reports
	1 EA
	Monthly per Task Ref.
	Delivered to COTR and CO electronically 

	4.3
	3.1.1
	Preliminary Design Review (PDR) Presentation 
	1 EA
	See SOW 3.1.1
	See SOW 3.1.1.

	4.4
	3.1.3
	Critical Design Review (CDR) Presentation 
	1 EA
	See SOW 3.1.3
	See SOW 3.1.3.

	4.5
	3.1.2
	Engineering Development Unit (EDU) 
	1EA
	Upon Gov’t Acceptance of Test Article
	Hardware/Softgoods. Delivered to COTR.

Copy of submittal letter to CO via email.

	4.6
	3.1.2
	Engineering Development Unit Test Report
	1 EA
	7 days after Acceptance Review
	Delivered electronically to the COTR in pdf or Word.

Copy of submittal letter to CO via email.

	4.7
	3.1.4
	Flight Unit
	1 EA
	Upon Gov’t Acceptance of Article
	Hardware/Softgoods. Delivered to COTR.

Copy of submittal letter to CO via email.

	4.8
	3.1.4
	Flight Test Acceptance Test Report
	1 EA
	7 days after Acceptance Review
	Delivered electronically to the COTR in pdf or Word.

Copy of submittal letter to CO via email.

	4.9
	3.1.6
	Pre-Ship Review (PSR) Presentation
	1 EA
	See SOW 3.1.6.
	See SOW 3.1.6.

	4.10
	3.1.8
	Launch Readiness Review Presentation
	1 EA
	See SOW 3.1.8.
	See SOW 3.1.8.

	4.11
	3.1.10
	Lessons Learned Review Package
	1 EA
	See SOW 3.1.10
	See SOW 3.1.10.


5.0
Government Furnished INFORMATION (GFI):    
The Government will provide the following to the Contractor as follows:

	ITEM
	QTY.
	Date to be Furnished to the Contractor (on or before)

	IRVE-3 Inflatable Article Test Plan
	1 ea.
	Upon Contract Award

	IRVE-3 Inflatable Article Specification
	1 ea.
	Upon Contract Award


6.0
Government Furnished Property (GFP):    

List of Government-Furnished Property (NFS 1852.245-76) (OCT 1988)

For performance of work under this contract, the Government will make available Government property identified below of this contract on a no-charge-for-use basis.  The Contractor shall use this property in the performance of this contract at _the Contractor’s Facility in *****  [Insert applicable site(s) where property will be used]and at other location(s) as may be approved by the Contracting Officer.  Under the FAR 52.245-1 Government property clause of this contract, the Contractor is accountable for the identified property.

	Item Description
	Quantity
	Acquisition          Cost
	Date to be Furnished to the Contractor (on or before)

	IRVE-3 Plastic/Metal Interface Mock-Up
	1 ea.
	$2,000
	Approximately 12 months after award


7.0
Security Clearance Required for Performance of Work:   NONE

8.0
Contract Period of Performance:  Approximately thirty-three (33) months from contract award. 

9.0
Task Order Period of Performance:  Ordering period for task orders is five (5) years from date of contract award.
Contracting Officer Technical Representative (COTR):

Primary COTR:



Alternate COTR:

Robert Dillman



Steve Hughes
Mail Stop (MS) 489



Mail Stop (MS) 432
NASA Langley Research Center

NASA Langley Research Center
Hampton  VA  23681-2199


Hampton  VA  23681-2199
PHONE: (757) 864- 7177


PHONE: (757) 864- 7175
EMAIL: Robert.A.Dillman@nasa.gov

EMAIL: Stephen.J.Hughes@nasa.gov
Contract Specialist :


Ceseley Dunbar

Mail Stop (MS) 126

NASA Langley Research Center

Hampton  VA  23681-2199

PHONE: (757) 864-2434

EMAIL:  ceseley.dunbar@nasa.gov

Contracting Officer (CO):

Lisa Harvey
Mail Stop (MS) 126

NASA Langley Research Center

Hampton  VA  23681-2199

PHONE: (757) 864-2444
EMAIL:  lisa.m.havey@nasa.gov
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