CREW, ROBOTICS AND VEHICLE EQUIPMENT (CRAVE) CONTRACT

DELIVERY ORDER #: CRAVE-EC5-027


PROPOSAL INSTRUCTIONS:  _ _ DRAFT -- COMMENTS DUE BY:   5/8/2007
        _​X_ FINAL   -- PROPOSAL DUE BY:   5/22/2007
DO TITLE:  Common Helmet Study and Risk Mitigation
DO Type:  __X_ CPFF     ___ FFP

DO Contact Information in Addition to the CRAVE Contract Specialist or CO:
COTR:
Joe Gensler/EC7


Phone:  (281) 483-0025
DO Manager:  Terry Hill/EC5


Phone:  (281) 483-8135
DO Mgr. Alternate:  Brian Daniel/EC5
 
Phone:  (281) 483-0268
Concurrences:

               __________
__                    ________      
   __                         _____  
Terry Hill
Craig Dinsmore
       Joe Gensler

DO Manager


      DO Mgr. Management


COTR

_               _________
__________________​​______     ___________________

Raul Blanco



Ron Johnson (BH)
Division TMR



Task Contains Flight Hardware, Flight Software or GSE?  
 
___ Yes
__X _No

Program Supported:    
__Shuttle     __ISS
 __EVA    X_Advanced APO/EVA
---------------------------------------------------------------------------------------------------------------

WBS:  _X_ 1.0 EVA  __ 2.0 FCE   __ 3.0 EVR   __ ECLSS __ 5.0 ATCS __ 6.0 CHeCS
For purposes of complying with FAR 52.232-22, Limitation of Funds, the total amount allotted by the Government to contract is specified in clause B.6, Contract Funding.  The funding listed in B.6 is the amount allotted for all Delivery Orders on the contract combined.   

All terms and conditions of the contract apply to this Delivery Order.  In the event of a conflict between the contract and this Delivery Order, the contract shall prevail.  
WBS reporting shall be done in accordance with applicable WBS reporting categories, as shown above and in the contract within Section C, Table 1.

1.0
Narrative Task Description

1.1
Background/Problem Description
Within human spaceflight, there are two different phases that define suit functionality.  One phase includes launch, entry, abort, and survivability (LEAS).  Survivability is associated with pre-launch, launch, entry and post-landing survival.  This first phase includes suit-up, transfer to pad, vehicle ingress, launch through post-insertion, rendezvous/docking, entry and post-landing.  This phase contains contingency plans for launch aborts, both on the pad or in-flight, including survival in an unpressurized cabin or an emergency vehicle egress. 
The second phase of spaceflight includes performing extravehicular activity (EVA), both in microgravity and in the partial gravity of a planetary surface.  For example, during a planetary mission, performing an EVA in microgravity may take place in Low Earth Orbit (LEO), Low planetary orbit, or during planetary transit.  A partial gravity surface EVA would be performed as part of planetary exploration, outpost buildup, or for basic science.
In the Shuttle/International Space Station (ISS) Program, the National Aeronautics and Space Administration (NASA) has implemented a two-suit system to satisfy both spaceflight phases as described above.  The Advanced Crew Escape Suit (ACES) is used for launch, entry, abort, (LEA); the Extravehicular Mobility Unit (EMU) is used for EVA.  The ACES provides all LEA functionality including pre-launch and post-landing survival.  However, the ACES does not support EVA or long duration protection in an unpressurized cabin.
The Shuttle EMU is used to provide a 4.3 psi pressurized environment for microgravity EVAs only.  The large mass and lack of mobility in a gravity environment would not allow it to satisfy LEAS functions or planetary EVA functions.
To minimize mass and volume impacts, one of NASA’s goals is to evaluate space suit systems that combine the functionality of LEAS with the capabilities required for contingency zero gravity EVA and planetary surface EVAs for planetary missions.   The basis for this statement of work is the desire for a common helmet which optimizes both LEAS and EVA functionality, while minimizing helmet mass and volume impacts.
1.2 Helmet Attributes

For the benefit of the contractor, sections 1.2.1 and 1.2.2 below list important considerations/attributes of the helmet for LEAS and EVA respectively.  Note:  These are not considered requirements (e.g., shall statements) as required by this DO, but rather, information provided by NASA to the contractor to emphasize the important helmet attributes relative to the two (2) distinctly different flight phases.  Distinct requirements will be identified per subsequent sections of this DO accordingly and will be identified with “shall” statements. 

1.2.1 Helmet Attributes for LEAS
In support of LEAS capability, the helmet in combination with the suit should provide crewmembers with the following functional attributes.  Ultimately, in the future, the suit/helmet combination will have to address the following attributes, however, for the purposes of this DO, the following information is provided as background information only to assist the contractor in completing the DO..  
· 1 g mobility for pre-launch and post-landing emergency egress.  In this scenario the helmet’s mass, mobility, and crew interface become critical.
· Long duration seated comfort prior to launch.  The helmet may be worn for long durations (e.g., up to ~3-4 hours) and consequently must be comfortable and/or preclude excessive heat loads for extended durations pre-launch.                  Note:  1] No active cooling is expected to be included in the helmet, 2]  The helmet is not expected to accommodate a head borne portion of a liquid cooling garment, 3]  Any cooling provided in the helmet during pre-launch activities should be a function of the natural flow of cabin ventilation (if the helmet is open) or simply as a characteristic of the normal ventilation of breathing gas through the helmet cavity (helmet open or closed).
· Protection from accelerations.  This includes protection from head accelerations and/or impact and neck injury during dynamic phases of flight, including landing.
· Pre-launch, post-landing smoke/fire/toxic air protection.  The helmet should provide smoke/fire/toxic air protection to the crewmembers throughout all mission phases.

· Post-landing protection during water egress.  This includes preventing water from entering the suit during a post landing egress of the vehicle following a water landing.   
· “Openable” visor to allow access to the crewmember’s face and to allow for open suit operations to breathe ambient cabin air when not integrated into the vehicle Environmental Control and Life Support System (ECLSS).
· Integration of a Valsalva device to assist with inner ear pressure equalization during pressurization of the helmet and suit.
· A field of view (FOV) sufficient to view vehicle displays and to operate controls to perform necessary seated operations.  For two crew operations, this includes the capability to view and confirm second crewmember’s inputs for mission critical functions.
· Integrated anti-suffocation prevention capability.  Anti-suffocation provides a secondary method of introduction of ambient air to the helmet for crewmember inhalation in the event a crewmember becomes unconscious and the primary breathing gas supply has been exhausted or is no longer available.  
· Long duration survival for return in a non-pressurized vehicle (~ up to 120 hours).  Examples include provisions for introduction of water, nutrition, and medicine into the helmet for consumption by the crew during extended pressurized helmet/suit operations.
· Rapid don/doff capability in the event of a sudden loss of cabin pressure occur or if contaminants are introduced within the cabin.  The helmet should have rapid doffing capability.  That is required should a crewmember need access to breathable air and need to reduce thermal loading upon a post-landing rapid vehicle egress.
· Anti-fog prevention to keep the humidity emitted from a crewmember’s breath and within the suit from collecting on the internal surface of the helmet thereby limiting visibility.
· Integrated noise protection to limit the crewmembers’ ambient noise exposures over the frequencies and sound levels that occur during all phases of ascent and entry.
· Capability to integrate the crew Communications, Avionics and Informatics (CAI) System.

1.2.2 Helmet Attributes for EVA
In support of EVAs, which include microgravity and partial gravity surface EVAs, the helmet should provide crewmembers with the following functional attributes.  Ultimately, in the future, the suit/helmet combination will have to address the following attributes, however, for the purposes of this DO, the following information is provided as background information only to assist the contractor in completing the DO.   
· Thermal, UV/IR/Solar radiation protection.
· Anti-glare prevention to preclude glare from obscuring vision.  For example, sun shades were needed to reduce glare when facing low-sun-angle conditions during Apollo lunar surface EVAs.    

· Surface EVA FOV that allows for an extended downward viewing such that the crewmember can see his/her feet for walking on the planetary surface or down a vehicle ladder with distortion-free visibility.  This includes a FOV to mate/de-mate a suit umbilical and view suit controls.  The contractor should declare assumptions for umbilical locations.
· Microgravity EVA FOV to allow a crewmember to perform EVA-related tasks that include maneuvering to the intended worksite and tool manipulation and use.
· Micrometeoroid and orbital debris (MMOD) protection.
· Prevention of inadvertent opening of the helmet.   A visor which can be easily opened for nominal intravehicular activity (IVA) should have locks/inhibits to preclude inadvertent opening which could result in loss of crew.  
· Tolerance to planetary dust/regolith.  This should include, but not be limited to, preventing planetary dust from damaging or impacting the performance of helmet components, degradation of seals, jamming slide mechanisms, compromising any locking mechanisms, or degradation of the optical quality of visor surfaces.
· Capability to interface with the suit-provided ventilation system.  An example would include provision for appropriate suit-provided directional gas flow into the helmet for ventilation and carbon dioxide (CO2) control.
· Capability to integrate the crew Communications, Avionics and Informatics (CAI) System.

2.0
Purpose of the Delivery Order
The contractor will develop/evaluate design concepts and conduct trade studies in accordance with (IAW) Section 3.0, Task Description, for a common helmet which combines and optimizes both LEAS and EVA performance, trading mass and volume impacts.  
3.0
Task Description
The contractor shall develop and evaluate concepts for a Common Hemet System which interfaces with both of the two (2) space suit configurations described below.  The task is divided into two (2) sub-tasks (Task #1 and Task #2) described per section 3.1 and 3.2.  For the purposes of this effort, the helmet is defined as the components interfacing with each of the respective configurations described below.  
Definition:  For the purposes of this DO, Common Helmet System is defined as any and all components/hardware that comprises the entire helmet system which interfaces with both suit configurations as defined below.  Note that Common Helmet System may consist of a single helmet, multiple helmets, or a combination of interchangeable components, with the objective of minimizing overall mass and volume, while optimizing performance.    
Space Suit/Helmet Interface Configuration Descriptions:
There are two (2) specific space suit configurations in which the common helmet concepts must operate with as a system.  These two suit configurations share many common components.  Both configurations will share the same soft Lower Torso Assembly (LTA), lower arms, gloves, helmet, and boots, however, have separate Soft Upper Torso (SUT) assemblies, which support different functions as described below per each configuration.  The common helmet system concept(s) developed per this DO must interface with the two (2) separate SUTs.  

Note:  For clarification, the suit configurations as described (Configuration 1 and 2), do not physically exist, but rather are notionally described below to provide the contractor with relevant details of each of the two (2) suits configurations for which the common helmet concepts must be integrated.  Since helmet design is highly dependent on suit configuration, details of the configurations are provided such that the contractor has relevant notional suit details from which to base helmet design/concept decisions.  Specifics of physical interfaces as required by NASA for the purposes of this DO (e.g., the I-Suit and the Mark III) are also described below.
· Configuration 1 suit is a LEAS/contingency EVA configuration.  The LEAS/contingency configuration’s upper torso is optimized for unpressurized mobility during 1 g and 0 g EVAs.  This upper torso has a waist entry body seal closure (BSC).  It is primarily a SUT with limited upper body mobility elements, including low profile scye bearings, upper arm bearings and a neck ring.  It is also optimized for low volume and weight.  
Note:  For this DO, the contractor shall assume that the configuration 1 helmet interface is the EMU/Apollo neck ring as installed on the current I-Suit. See Figure 3-1.  Additional details of the I-Suit are included in the NASA CRAVE Technical Library.
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Figure 3-1:  Assumed Configuration 1Suit Interface Plane
· Configuration 2 suit is the Surface EVA configuration. The Surface EVA upper torso is optimized for pressurized surface EVA mobility and able to support the Portable Life Support System (PLSS) mass and interfaces.  The configuration 2 upper torso is a soft rear entry SUT with a rear entry hatch.  This SUT will also have a waist bearing and a BSC.  Scye bearings are angled for optimal shoulder/arm mobility.  There will be disconnects for upper arms and gloves.  
Note:  For this DO, the contractor shall assume that the configuration 2 helmet interface is the Mark III Ortman coupler.  See Figure 3-2.  Additional details of the Mark III are included in the NASA CRAVE Technical Library.
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Figure 3-2:  Assumed Configuration 2 Suit Interface Plane
3.1
Task #1 Requirements - Common Helmet System Concept Development
For this task, the contractor shall generate and evaluate common helmet system concepts(s) that support both suit configurations (as defined in Section 3.0) while minimizing the common helmet system mass and volume.  In completion of this task, the contractor shall perform the following:
3.1.1 The contractor shall brainstorm and develop common helmet system concepts.  An example of such a design process can be found in the book titled “The Mechanical Design Process,” by David Ullman and may be used as reference.  
3.1.1.1  The contractor shall develop and evaluate concepts that interface with the two (2) suit configurations (Configuration 1 and Configuration 2) as defined per Section 3.0.
3.1.1.2  The contractor shall develop and evaluate concepts against, but not limited to, the Focal Points  (items [A]-[AA]) listed in Section 4.0.
3.1.1.3  The contractor shall develop and evaluate concepts considering the list of Helmet Environments provided in Section 5.0.
3.1.2 The contractor shall conduct a feasibility assessment, evaluate and rank the concept(s), and provide NASA with the recommended concept(s). Those concepts eliminated early in the process shall be provided with rationale for elimination.
3.1.3 The contractor shall evaluate the technology risks and/or anticipated issues associated with the design development, test, and evaluation of concept(s), including mass/volume properties of the respective concepts.
3.1.4  The contractor shall provide design concepts and analyses to NASA in the form of a final report and presentation.
3.2
Task #2 Requirements - Alternate Common Helmet
As an extension to Task #1 described above in section 3.1, the contractor shall explore, generate, and evaluate alternate common helmet concept(s).  Such concepts shall maintain the general theme of the NASA-provided two (2) suit configuration systems for an LEAS/contingency EVA configuration and the Surface EVA configuration (as described in Section 3.0) however, the contractor may explore alternate integration or interface options other than those defined per Section 3.0 (i.e., Shuttle/Apollo EMU neck ring shown on the I-Suit for LEAS/contingency EVA configuration and/or Mark III Ortman coupler for surface EVA configuration).  An example of such a concept includes, but is not limited to, integrated soft helmet(s) (e.g., Russian Sokol helmet) for either configuration in lieu of the Shuttle/Apollo EMU neck ring and/or Ortman coupler.  This task is requested by the contractor as an extension of Task #1 to reduce the interface restrictions provided per Task #1 to promote creative thinking/solutions with respect to helmet concepts and helmet integration.  In completion of this task, the contractor shall perform the following:
3.2.1 The contractor shall brainstorm and develop alternate common helmet system concepts.  An example of such a design process can be found in the book titled “The Mechanical Design Process,” by David Ullman and may be used as reference.

3.2.1.1  The contractor shall develop and evaluate concepts that interface with the two (2) suit configurations (Configuration 1 and Configuration 2) as defined per Section 3.0, with the exception of the I-suit and Mark III Interfaces (i.e., contractor may deviate from the I-Suit neckring and EMU Ortman coupler where appropriate provided the contractor maintains the waist entry SUT for the LEAS/contingency EVA configuration and rear entry SUT for the Surface EVA configuration.
3.2.1.2  The contractor shall develop and evaluate concepts against, but not limited to, the Focal Points  (items [A]-[AA]) listed in Section 4.0.
3.2.1.3  The contractor shall develop and evaluate concepts considering the list of Helmet Environments provided in 5.0.
3.2.2 The contractor shall conduct a feasibility assessment, evaluate and rank the concept(s), and provide NASA with the recommended concept(s). Those concepts eliminated early in the process shall be provided with rationale for elimination.
3.2.3 The contractor shall evaluate the technology risks and/or anticipated issues associated with the design development, test, and evaluation of concept(s), including mass/volume properties of the respective concepts.
3.2.4  The contractor shall provide design concepts and analyses to NASA in the form of a final report and presentation.
3.3
Option 1
After reviewing the completed base DO final report and participating in the contractor final presentation, NASA may elect to enact Option 1, which shall include design and fabrication of one or more prototype helmets (see Attachment 1).  NASA reserves the right to make changes to the helmet concept selected and Option 1 requirements prior to enactment of Option 1.
4.0 Concept Development Focal Points
The focal points of the design concept(s) shall include but not be limited to the items listed below.  Section 3.1 and 3.2 of this DO requires the consideration of all 4.0 Section focal points.  Evaluation of each focal point shall be described in detail in the final report.  If the concepts fail to adequately address any of the focal points, the contractor shall provide information demonstrating why the concept failed to address the focal point.  The contractor shall also provide a description of the effort that would be required to satisfy the focal point.   Focal points are divided into two (2) separate sections consisting of LEAS/contingency EVA focal points first and Surface EVA focal points second. 
4.1  Focal Points of the Helmet for LEAS/contingency EVA:

The following describe the important focal points associated with the Helmet for LEAS/contingency EVA.
A. Head and neck protection study
· Neck protection from accelerations during all dynamic phases of flight
The Neck Injury Criteria (Nij)  developed by the Federal Motor Vehicle Safety Standards (FMVSS 208) and the National Highway Traffic Safety Administration (NHTSA) should be used as a guide.
· Head impact and protection for launch/landing accelerations
Concepts should consider, but not be limited to ANSI Z90.1 as a guide.
· External object impact and penetration protection

Concepts should consider, but not be limited to ANSI Z90.1 as a guide.
B.
Conformal versus Non-Conformal – Includes a trade study of conformal versus non-conformal helmet concepts.

C.
Head-borne Mass – Minimize head-borne mass. To minimize head-borne mass is to minimize stress on the head and neck during all flight phases. If helmet weight/mass or a portion thereof must be supported directly by the crewmember’s head/neck, the goal will be less than 4.0 lb directly supported by the neck/head.

D.
Suit-Provided Ventilation Integration – Evaluate suit-provided ventilation integration, including helmet internal flow direction for CO2 control, head cooling, and visor fogging prevention.  Note:  The contractor should assume ventilation is suit-provided within the suit/helmet interface and is NOT directly supplied to the helmet via external helmet connections.
E.
Nutrition, Hydration, and Medicines – Evaluate methods for delivery of nutrition, hydration, and medicines while in the pressurized helmet.  This is required for contingency long duration survival during return in a non-pressurized vehicle (~120 hours).
F.
Stowage Volume – Minimize stowage volume including stowage configuration and provisions (e.g., bags, boxes, spacers, protective covers, etc.).  The maximum stowage volume goal for the helmet system should be less than 2,200 cubic inches (in3), which is equivalent to the EMU helmet stowage volume.
G.
Comfort – Develop a concept for long duration comfort.  The helmet may be worn for long durations (e.g., up to ~3-4 hours) in 1 g pre-launch configuration and consequently must be comfortable and/or preclude excessive heat loads for those extended durations.  Another consideration should be made for wearing the helmet in 0 g for a long duration contingency of ~120 hours in a lunar return within an unpressurized vehicle.
H.
Anti-suffocation methods.  Anti-suffocation provides a secondary method of introduction of ambient air to the helmet for crewmember inhalation in the event a crewmember becomes unconscious and the primary breathing gas supply has been exhausted or is no longer available.  Vomitus isolation/management/containment is also included in this category.
I.
CAI – Provide concepts for a Communications, Avionics and Informatics (CAI) system, which will include, but not be limited to, the following:
· Communication:  Evaluate integration of communications systems options including, but not limited to, communications cap and/or integrated helmet-mounted microphone and speakers.  Note:  For this task, NASA desires the contractor to evaluate the integration of various types of technically mature communications systems as appropriate; however, the focus of this task is NOT on the design details and/or particulars of the communication system itself.
· Hearing Protection:  Provide hearing protection integration (e.g., head-mounted noise attenuation and/or inherent helmet noise attenuation).  Note:  For this task, NASA desires the contractor to evaluate the conceptual integration of various types of technically mature hearing protection systems as appropriate; however, NASA does NOT desire that the contractor spend effort on the design details and/or particulars of the hearing protection system itself.
· Noise Avoidance and/or Mitigation:  Minimize noise from ventilation flow over the microphone (e.g., helmet-mounted or head-mounted type.)
· Heads-up Display:  Develop a concept for accommodating a potential heads-up display or projection hardware for EVA.  For this task, NASA desires the contractor to evaluate the conceptual integration of various types of technically mature heads-up display systems as appropriate; however, NASA does NOT desire that the contractor spend effort on the design details and/or particulars of the heads-up display system itself.
· Camera/Video/Lighting Integration:  Evaluate integration of camera and lighting systems.  For this task, NASA desires the contractor to evaluate the conceptual integration of various types of technically mature camera/video/lighting equipment as appropriate; however, NASA does NOT desire that the contractor spend effort on the design details and/or particulars of the camera/video/lighting equipment itself.
J.
Visor – Provide concepts for a visor, which will include, but not be limited to, the following:
· Implementing an “openable” visor for LEAS.

· Precluding inadvertent opening of the visor for EVA phases and on-orbit mission phases.  A visor which can be easily opened for nominal IVA should have locks/inhibits to preclude inadvertent opening which could result in loss of crew.
· Contingency EVA UV/IR/Thermal protection.  This includes limits placed on the ultraviolet transmittance through the visual area of the Helmet/Visor Assembly to prevent any corneal damage for the total time of UV exposure in a mission. The visible light transmittance will provide adequate visibility to permit performance of tasks in high glare areas in direct sunlight without discomfort.  The infrared transmittance shall be a level which will prevent any possible retinal burn damage.  The transmittance of the visual area of the visor will conform to the limits below:
Table 4-1: Limits on Transmittance
	LIMITS

	UV portion of spectrum to be blocked
	Range of Nanometers: 200-400 

	Luminous (visible) portion of spectrum
	Range of Nanometers: 400-700 

	IR portion of spectrum to be blocked
	Range of Nanometers: 700+ 


K.
Ventilation Initiation System – Develop a concept for a ventilation initiation system (e.g., automatic activation of ventilation flow when visor is closed, or manual initiation of ventilation flow).

L.
Environments – Compatibility with relevant environments which include 100 percent oxygen (O2), 0-100 percent relative humidity, cold water relative to cold water landings, and other identifiable environments for contingency EVA (i.e., LEO, LLO, and trans lunar).  Compatibility with EVA environments will include exposure to UV, IR, hot and cold thermal extremes, and radiation.  Details concerning these environments are included in this document.
M.
Material Selection Trade – If using new or exotic material, or known material in a different application, the contractor shall evaluate flammability, fracture control, life cycles, reliability, dust interactions, environmental issues, etc.
N.
Critical Area of Vision – For microgravity EVA, helmet concepts should be evaluated for a critical area of vision that meets or exceeds the following visual ranges:
Table 4-2: Critical Area of Vision

	VISIBILITY RANGES IN MICROGRAVITY

	Superior
	90°

	Superior –Temporal
	62°

	Temporal
	85°

	Inferior – Temporal
	85°

	Inferior
	70°
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 NOTE:  The 0° starting point is located at eye level.
Figure 4-3: Critical Area of Vision
O.
Anthropometry – The helmet concepts should be evaluated to fit the crewmember head size ranges listed below.

· Head breadth range: 5.2 – 6.5 in

· Head length range: 6.8 – 8.5 in

· Menton to top of head range: 8.0 – 9.7 in
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Figure 4-4: Anthropometric Head Size Ranges
P. Operating Pressure – Concepts should be developed/evaluated for the following internal pressure environments:

· A maximum operating pressure of 8.0 pounds per square inch differential (psid)

· Proof pressure of 12.0 psid, which is 1.5 times the maximum operating pressure of 8.0 psid.  

· Ultimate pressure of 16.0 psid, which is 2.0 times the maximum operating pressure of 8.0 psid.  

Q. Operational Environment for Seated Helmet - The environment around the helmet exterior must provide enough volume to allow helmet operations by the seated crewmember (LEAS/contingency EVA configuration) within the confines of a space vehicle. Helmet concepts should be operable as worn within an 18-inch (in) diameter spherical volume centered 9 in above the seatback surface at the seated occupant’s head center of mass location to allow for helmet, helmet operations clearance, and occupant protection.  

[image: image6]
Figure 4-5: Operational Environment for LEA/Contingency EVA Helmet
4.2  Focal Points of the Helmet for Surface EVA:
The following describe the important focal points associated with the Helmet for surface EVA.
R. Thermal, Micrometeoroid, Dust (TMD) protection – Includes concepts for TMD protection for the helmet.  Concepts include, but are not limited to, removable and/or integrated TMD protection.
S. Planetary Dust Tolerant – Concepts for tolerance to planetary dust should include, but not be limited to, preventing planetary dust from damaging or impacting the performance of helmet components, degradation of seals, jamming slide mechanisms, compromising any locking mechanisms, or degradation of the optical quality of visor surfaces.
T. UV/IR/Thermal Protection – Concepts for UV/IR/Thermal protection for the planetary surface environment should provide limits on the ultraviolet transmittance through the visual area of the helmet in order to provide adequate protection to prevent any corneal damage for the total time of EVA exposure in a mission. The luminous transmittance will provide adequate visibility to permit performance of tasks in high glare areas in direct sunlight without discomfort. The infrared transmittance shall be a level which will prevent any possible retinal burn damage.  The transmittance of the visual area of the visor will conform to the limits below:
Table 4-3: Limits on Transmittance
	LIMITS

	UV portion of spectrum to be blocked
	Range of Nanometers: 200-400

	Luminous (visible) portion of spectrum
	Range of Nanometers: 400-700

	IR portion of spectrum to be blocked
	Range of Nanometers: 700+


U.
Critical Area of Vision - In partial gravity EVA, helmet concepts should be evaluated for a critical area of vision that meets or exceeds the following visual ranges:
Table 4-4: Helmet Critical Area of Vision
	VISIBILITY RANGES ON PLANETARY SURFACE


	Superior
	70°

	Superior – Temporal
	62°

	Temporal
	85°

	Inferior – Temporal
	85°

	Inferior
	105°


V.
Scratch Mitigation – Concepts should provide for helmet/visor scratch prevention and post-scratch mitigation.

W.
Ventilation Integration – Evaluate suit-provided ventilation integration including helmet internal flow direction for CO2 control over oral/nasal area, head cooling, and visor fogging prevention.
X.
Material Selection Trade – Concepts materials should be evaluated for  flammability, fracture control in all thermal extremes, life cycles, reliability, dust interactions, electrostatic properties, and environmental issues.
Y.
Communications, Avionics and Informatics (CAI) System – See item [I]  above.

Z.
Anthropometry – See item [O] above.
AA. Operating Pressure – See item [P] above.
5.0
Helmet Environments
The following paragraphs provide relevant helmet environment information.  Sections 3.1 and 3.2 of this DO requires the consideration of all Section 5.0 environments in completion of this DO.  
5.1
Internal Helmet Environment: Thermal/Humidity/Gas Flow Rate
The ventilation gas entering the helmet environment nominally will be maintained within the limits of 65ºF to 80ºF with a dew point of approximately 50ºF where it enters the helmet.  The dew point below the oral/nasal area of the helmet increases, due to the crewmember’s breath, in the range of 60ºF to 80ºF.
Suit-provided flow rates into the helmet should include, but not be limited to, the range of 4.5 to 6.0 ACFM of oxygen or breathing air.
5.2
EVA External Thermal Environment
For the purposes of this DO, the current worst case hot and cold environments have been determined by thermal analysis at NASA – JSC.  These hot and cold environment extremes are bounded by the lunar surface environmental thermal analysis results.  The lunar surface thermal extremes have been found to exceed what will be expected for microgravity EVAs in LEO, lunar transit or LLO, therefore they will be used to bound the thermal maximum and minimum range. 
5.2.1 Hot Case – The lunar surface thermal environment assumes a crewmember’s placement on the lunar surface inside a 4:1 aspect ratio crater with the sun located at a 0° zenith angle, directly overhead.  With the crewmember looking down, the incident solar flux is calculated at 31 Btu/hr/ft2 and the incident IR flux is 509 Btu/hr/ft2.  Materials that can operate safely within this environment should be carefully selected.  As an example, the outer sun visor temperature of the current Shuttle EMU helmet in this environment, can achieve +279oF.
5.2.2 Cold Case – In a lunar night case there is no difference between standing within a crater versus standing on a flat plane.  During lunar night the incident solar flux is 0 Btu/hr/ft2 and the incident IR flux is 2 Btu/hr/ft2.   Design concerns for this cold case are that the lower limit temperatures can result in material embrittlement.  As an example, during lunar night, the current Shuttle EMU helmet outer sun visor temperature can reach -283oF while the middle protective visor can reach -139oF.
5.3
Metabolic Rates
Metabolic rates can affect the internal surface conditions of the helmet so as to produce fogging from the increase in humidity and/or thermal conditions.  Examples of two metabolic profiles are shown in the figures below.  
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Figure 4-6: Metabolic Profile for Low Exertion EVA
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Figure 4-7: Metabolic Profile for High Exertion EVA
6.0
Technical Document Library
The contractor will have access to the following documents via the online NASA CRAVE Technical Library:
1.
Mark III helmet and neck ring drawings (9995, 9998, 24578, 24579, 24588)
2.
EMU neck ring drawings (23705)
3.
EVVA (Extravehicular Visor Assembly) S/AD 0108-10008
4.
EMU helmet S/AD 0105-10005
5. EMU Environments Definition Specification SVHS7894 Rev. A

7.0
Progress Reports
The contractor shall provide NASA a midterm briefing and a final report and briefing at  the Johnson Space Center (JSC).  Additionally, the contractor shall provide bi-weekly status briefs [topics and scope to be provided by NASA Point of Contact (POC)] detailing the current status of work, what has been accomplished, what work is planned for the next two weeks, what issues/problems/risks (if any) have arisen and plans to mitigate any issues/problems/risks.  These status reports may be submitted via e-mail.   Additionally, the contractor will participate in weekly teleconferences to address problems as they arise.
8.0
Final Presentation Report
At the end of the base DO performance period, the contractor’s design concepts and analysis shall be presented to NASA at JSC for assessment in the form of a final report and presentation.  NASA will evaluate the contractor’s progress and design concepts and then determine whether to enact the delivery order (DO) option.  
9.0
Deliverables/Products

Table 9-1: Deliverables/Products
	PRODUCT
	DESCRIPTION
	QUANTITY
	DUE
	CLASS

	Hardware
	N/A
	
	
	

	Test
	N/A
	
	
	

	Software
	N/A
	
	
	

	Other Products:
	
	
	
	

	Common Helmet Midterm Concept Report
	A well documented report detailing the results of the various concept studies conducted up to the midterm, and their conclusions
	1 paper and electronic copy (MS Word and PDF formats)

3 CDs
	8 weeks after Authority to Proceed (ATP)
	N/A

	Common Helmet Final Concept Report
	A well documented report detailing the results of the various concept studies conducted, and their conclusions
	1 paper and electronic copy (MS Word and PDF formats)

3 CDs
	18 weeks after ATP
	N/A




10.0
Schedule
Start Date: Ref Table 10-1


Finish Date:
Ref Table 10-1
Table 10-1: Schedule
	ITERIM MILESTONES
	DUE DATES 

	Kick Off Meeting
	1 week after ATP

	Midterm Briefing
	8 weeks after ATP

	Generate/Publish Final Report
	17 weeks after ATP

	Formal Report Presentation to NASA
	 18 weeks after ATP


Government Estimate:  
Total Government Estimate for this DO:  $185,000       

                                        Option 1:  $400,000 


TOTAL COST ESTIMATE FOR THIS DO:  _________
FEE:

N/A 
 

OPTION 1:

________  (See Attachment 1)

11.0    Data Requirements
All Design Reviews (DRs) contained in the DO [as Design Review Documents DRDs)] are applicable and required unless marked “N/A” below. 
  Notes:  1.   Grey Scaled Rows Need No Additional/Required Fill-ins.

                 2.  On all other rows, If Necessary, Fill in Additional 

                      Rqmts/Deliveries in last Column.  

Table 11-1: Data Requirements
	DRD #
	DATA TYPE
	DESIGN REVIEW DOCUMENT (DRD) TITLE
	DUE
	FREQUENCY
	REQUIRED 

FOR DO?

Y/N
	ADDITIONAL REQUIREMENTS

	1
	Written Approval
	Flight Government Furnished Equipment (GFE) Configuration Management Plan
	With proposal
	Once
	N
	

	2
	Mandatory Submittal
	Regular Status Report/Summary Review
	Five (5)  working days following DO start
	Twice monthly
	Y
	Status e-mail

	3
	Written Approval
	Project Technical Requirements Specification
	
	Once with revisions
	N
	Informal specifications as described in the SOW

	4
	Mandatory Submittal
	GFE Systems Requirements Data Package
	
	Once with revisions
	N
	

	5
	Written Approval
	Flight GFE Projects Requirements & Verification Document
	
	Once with revisions
	N
	

	6
	Mandatory Submittal
	Preliminary Design Review Data Package
	
	Once with revisions
	N
	

	7
	Written Approval
	Flight GFE Workmanship Specifications List
	
	Once with revisions
	N
	

	8
	Written Approval
	Project Schedule
	
	Once with revisions (due with DO proposal, updates & details provided as DO progresses)
	N
	

	9
	Written Approval
	Flight GFE Interface Control Document
	
	Once with revisions
	N
	

	10
	Written Approval
	GFE End Item Specification
	
	Once with revisions
	N
	

	11
	Mandatory Submittal
	Flight GFE Failure Analysis Report
	
	As required
	N
	

	12
	Written Approval
	Flight GFE Verification and Validation Plan
	
	Once with revisions
	N
	

	13
	Written Approval
	GFE Software Requirements Specification
	
	Once with revisions
	N
	

	14
	Written Approval
	GFE Software Development Plan
	
	Once with revisions
	N
	

	15
	Written Approval
	GFE Software Design Document
	
	As required
	N
	

	16
	Written Approval
	Engineering Drawings
	
	As required
	Y
	

	17
	Written Approval
	Electrical, Electronic, and Electromechanical (EEE) Parts Lists and Analysis Report
	
	As required
	N
	

	18
	Mandatory Submittal
	Critical Design Review Data Package
	
	Once with revisions
	N
	

	19
	Mandatory Submittal
	Engineering Drawing Change Proposal
	
	As required
	N
	

	20
	Written Approval
	GFE Qualification Test Procedure
	
	Once with revisions
	N
	

	21
	Written Approval
	Flight Product User’s Guide
	
	Once with revisions
	N
	

	22
	Mandatory Submittal
	Software Code
	
	As required
	N
	

	23
	Written Approval
	Information Technology (IT) Security Program Plan and Reports
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	N
	

	24
	Written Approval
	Certification Plan
	
	Once with revisions
	N
	

	25
	Mandatory Submittal
	Certification Report
	
	Once with revisions
	N
	

	26
	Mandatory Submittal
	Engineering Analysis
	With midterm and final report
	As required
	Y
	

	27
	Mandatory Submittal
	Acceptance Data Package
	
	One time
	N
	

	28
	Mandatory Submittal
	Export Control Audit Results
	After award of first DO; yearly on 09/30 thereafter
	Yearly
	N
	

	29
	Written Approval
	Quality Plan
	With proposal
	Once with revisions
	N
	

	30
	Written Approval
	Patent Rights-Retention
	As required
	As required
	N
	

	31
	Written Approval
	Shuttle/Station Payload Safety Data Package
	
	As required
	N
	

	32
	Mandatory Submittal
	Limited Life Systems List
	
	As required
	Y
	Preliminary

	33
	Written Approval
	Space Station GFE Failure Modes and Effects Analysis and Critical Items List
	
	As required
	N
	

	34
	Written Approval
	Space Shuttle GFE Safety and Analysis Report & Hazard Report
	
	As required
	N
	

	35
	Written Approval
	Software Quality Assurance Plan Report
	
	Once with revisions
	N
	

	36
	Written Approval
	ISS Hazard Report
	
	As required
	N
	

	37
	Upon Request
	Reliability and Maintainability Plan
	
	One time
	N
	

	38
	Written Approval
	Government Certification Approval Request (GCAR)
	
	As required
	 N
	

	39
	Written Approval
	Risk Assessment Executive Summary Report (RAESR)
	
	As required
	N
	

	40
	Written Approval
	Problem Reporting and Corrective Action (PRACA)
	
	As required
	N
	

	41
	Upon Request
	Nonconformance Record
	
	As required
	N
	

	42
	Mandatory Submittal
	Government Industry Data Exchange Program and NASA Advisory Problem Data
	
	Once with revisions
	N
	

	43
	Written Approval
	EEE Parts Control Plan
	
	Once with revisions
	N
	

	44
	Mandatory Submittal
	Certification Data Package
	
	Once with revisions
	N
	

	45
	Written Approval
	Certification and Acceptance Requirements Document
	
	Once with revisions
	N
	

	46
	Upon Request
	Wage/Salary and Fringe Benefit Data
	
	One time
	N
	

	47
	Written Approval
	GFE Acceptance Test Procedure
	
	One time
	N
	

	48
	Mandatory Submittal
	Flight GFE Verification & Validation Report
	
	Once with revisions
	N
	

	49
	Mandatory Submittal
	Space Shuttle GFE Failure Modes and Effects Analysis (FMEA) and Critical Items List
	
	As required
	N
	

	50
	
	Reserved
	---
	---
	---
	---

	51
	Mandatory Submittal
	NASA Contractor Financial Management Reporting
	After issuance of first DO
	Monthly
	N
	

	52
	Written Approval
	Government Property Management Plan
	With proposal
	Once with revisions
	Attachment J-7
	

	53
	Mandatory Submittal
	System Safety Plan
	With proposal
	One time
	Attachment J-10
	

	54
	Written Approval
	R-Quality Plan Template
	With proposal/ revisions as required
	Only applicable to B-CRAVE contracts in accordance with the SOW and the DRD
	N
	 


Type 1 = Written Approval          Type 2 = Mandatory Submittal           Type 3 = Submittal Upon Request

CHANGES TO DRDs:  NONE
CHANGES TO GOVERNMENT FURNISHED PROPERTY:  NONE 

(IF YES, THEN INSERT GOVERNMENT FURNISHED PROPERTY TABLES)
10.0
Government Furnished Property 
The CRAVE contracts do not anticipate the Government providing any property or test facilities unless requested by the contractor in their response to a request for bid. 

Attachment 1 – Option 1

The Government may exercise the option described below for the option value listed on the DO cover page by written notification to the contractor from 90 days after the completion of the base contract.  
OPTION 1 TITLE:  Prototype Helmet Fabrication
1. 0
 Purpose of the Current Effort
After receiving approval to proceed to Option 1 of the task, the contractor will use the concept(s) from this DO along with any new/changed NASA-provided requirements/concepts, to design and fabricate a prototype helmet(s).  The helmet will be designed to function in ambient pressurized conditions.  This may include flights on a 0 g aircraft or evaluations in a laboratory environment.  It is not anticipated to be used in a vacuum, thermal environment, or neutral buoyancy lab (NBL). The contractor shall be responsible for testing all helmets to ensure that requirements have been met.  The contractor shall deliver all hardware with the final report to detail all findings to NASA JSC upon completion of this DO option.  
2.0
Task Description
2.1
Project Schedule
The contractor shall develop a schedule detailing the plan for prototype design, analysis, and manufacturing with anticipated milestone dates within the given project period.
2.2
Design and Fabricate Prototype Helmet
The contractor shall design, fabricate, assemble, test, and deliver the helmet(s) for integrated suit testing.  The focal points of the helmet design and fabrication shall include the results of the various concept studies as directed by NASA, the helmet prototype requirements supplied with Option 1, Section 3.0 below, and the requirement changes and design decisions made by NASA at the end of the base contract.
3.0
Prototype Helmet Requirements
The following lists the specific requirements of the prototype helmet(s) hardware items that are to be delivered by the contractor per this Option 1 Task.  

3.1 Maximum Operating Pressure – The maximum operating pressure shall be 6.0 psid.  The helmet shall be pressurized at ambient conditions.  Note:  MOP has been reduced to 6.0 for the prototype in Option 1 as compared to 8.0 psid per the Base DO (see item P) to relax the pressure requirement on the prototype hardware and to synchronize the prototype hardware with the maximum pressure utilized in standard ground level testing.  

3.2 Proof Pressure – Proof pressure shall be 9.0 psid, which is 1.5 times the maximum operating pressure of 6.0 psid.  There shall be no structural damage resulting from this pressure.  Note:  MOP has been reduced to 6.0 for the prototype in Option 1 as compared to 8.0 psid per the Base DO (see section P) to relax the pressure requirement on the prototype hardware and to synchronize the prototype hardware with the maximum pressure utilized in standard ground level testing.  

3.3 Ultimate Pressure – Ultimate pressure shall be 12.0 psid, which is 2.0 times the maximum operating pressure of 6.0 psid.  No catastrophic failure shall result from this pressure.  Note:  MOP has been reduced to 6.0 for the prototype in Option 1 as compared to 8.0 psid per the Base DO (see section P) to relax the pressure requirement on the prototype hardware and to synchronize the prototype hardware with the maximum pressure utilized in standard ground level testing.  

3.4 Helmet Leakage Rate – The maximum leakage rate for the helmet when operating in a 1-g atmospheric environment of air at 6.0 psid shall be 200 scc/m.  Note:  this requirement is to ensure safe operation of the prototype helmet in test operations.  No analogous requirement is described in the Base DO, because leakage rates are assumed to be a function of each of the the design concept and therefore, no specific focal point was described in the Base DO.

3.5 Interface with Pressure Garment – The helmet shall interface with the pressure garment.  The prototype helmet shall interface with the Shuttle/Apollo EMU neck ring on the I-Suit and the MARK III Ortman coupler.  (Refer to Base DO Interface requirements per Section 3.0)
3.6 Ventilation Flow – The helmet shall allow for ventilation flow to provide visor defogging, head cooling, and CO2 removal across the oral-nasal area.  For the purposes of this prototype, air will be used.  See section D in the Base DO).  
3.7 Anthropometry – The prototype helmet(s) shall fit the crewmember head size ranges listed below.


Head breadth range: 5.2 – 6.5 in



Head length range: 6.8 – 8.5 in



Menton to top of head range: 8.0 – 9.7 in
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Figure 3-1: Anthropometric Head Size Ranges
3.8 Critical Area of Vision – The helmet shall provide a critical area of vision that meets or exceeds the following visual ranges (see items N and U from the Base DO):
Table 3-1: Critical Area of Vision

	
	MICROGRAVITY
	PLANETARY SURFACE



	Superior
	90°
	70°

	Superior- Temporal
	62°
	62°

	Temporal
	85°
	85°

	Inferior - Temporal
	85°
	85°

	Inferior
	70°
	105°


4.0
Progress Reports
The contractor shall provide NASA written bi-weekly progress status briefs detailing the current status of work, what has been accomplished, what work is planned for the next week, what issues/problems/risks (if any) have arisen, and plans to mitigate any issues/problems/risks.  Reports delivered electronically are acceptable.  Additionally, the contractor will participate in weekly teleconferences to address issues as they arise.
5.0
Generate Midterm Report and Conduct Presentation
The contractor shall deliver and present a midterm report detailing how the helmet requirements are being met and/or rationale if requirements cannot be met, analysis, design status and material usage plan.
6.0
Generate Final Report and Conduct Presentation
The contractor shall deliver a final report and conduct a formal presentation to NASA detailing the helmet design, analysis, material usage, fabrication procedures, assembly/maintenance instructions, operations instructions, test results, performance characteristics of the helmet, and the findings/conclusions.  The contractor shall deliver to NASA the hardware and all other products produced or used in the production of the DO deliverables at this time.
7.0
Deliverables/Products
Table 7-1: Deliverables/Products
	PRODUCT

	DESCRIPTION

	QUANTITY

	DUE

	CLASS


	Hardware:
	
	
	
	

	
	Helmet 
	Two (2)
	At final presentation
	III
(i.e., controlled Class III)

	
	Connecting hardware and spare hardware (e.g., screws, gaskets, seals, seats, o-rings, clamping rings etc.)
	Appropriate quantity of each item to support two (2) helmet assemblies and spares
	At final presentation
	III
(i.e., controlled Class III)


	
	Support hardware used to meet requirements
	TBD
	At final presentation
	III
(i.e., controlled Class III)

	Test:
	
	
	
	

	Verification Data Package
	The Verification Data Package shall consist of a Verification Compliance Table, which details how the design meets each requirement, how design margins can be identified, and includes all backup information listed in the backup table, such as TPSs, memos, analyses, and drawings (present results of verification testing)
Note:  For clarification, a comprehensive “flight-like” verification data package is not requested per Option 1, but rather, simple documentation indicating verification of the designated Option 1 requirements.
	Three (3) each paper and electronic copies (MS Word, PDF, and CD formats)
	At final presentation
	

	Other Products:
	
	
	
	

	Helmet Design and Fabrication Report
	A well documented report detailing the helmet requirements, design, analysis of the hardware (i.e., limited life items list,  sample test data) analysis, fabrication procedures, assembly/maintenance instructions, operations instructions, test plan and procedures, test results, the limitations or unique performance characteristics, helmet design, and conclusions
	Three (3) each paper and electronic copies (MS Word, PDF, and CD formats) 
	At final presentation
	N/A

	Preliminary Materials Usage List
	A list which details all the materials the contractor plans to use in the fabrication of the helmet
	Three (3) each paper and electronic copies (MS Word, PDF, and CD formats) 
	At final presentation
	N/A

	Electronic Models
	All electronic models (Pro/E) of hardware
	Three (3) each paper and electronic copies (MS Word, PDF, Pro/E formats and CD formats) 
	At final presentation
	N/A

	Drawings, Patterns, and Tooling
	All drawings, patterns, and tooling designed, built, and used in the fabrication of helmet hardware 
	 Three (3) each paper and electronic copies (MS Word, PDF, Pro/E formats and CD formats)
	At final presentation
	N/A

	Build Paperwork
	All work instructions and procedures used in the fabrication and assembly of the helmet hardware
	Three (3) each paper and electronic copies (MS Word, PDF, and CD formats)
	At final presentation
	N/A

	Acceptability for Use Memo
	Memo stating helmets are rated for manned use as described per Option 1, with supporting data and justifications
	Three (3) each paper and electronic copies (MS Word, PDF, and CD formats)
	At final presentation
	N/A


	8.0
Schedule
Start Date: 
90 days post base DO completion (or earlier)




Finish Date:
24 weeks from start date



Table 8-1: Schedule
	ITERIM MILESTONES
	DUE DATES (Weeks after ATP)

	Kick Off Meeting
	 1 week post ATP

	Design Review
	6 weeks

	Midterm Report
	12 weeks

	Hardware Delivery
	24 weeks

	Final Report Delivery
	24 weeks

	Final Presentation
	24 weeks

	Milestones, along with subjective measurements, are to be used for measuring performance.  For schedule detail see Microsoft Project file located on the CRAVE web site for this DO listed under the Government Cost Estimate below.


9.0

Data Requirements
All DRs contained in the DO are applicable and required unless marked “N/A” below. 
Notes:  1.   Grey Scaled Rows Need No Additional/Required Fill-ins.

                 2.  On all other rows, If Necessary, Fill in Additional 

                      Rqmts/Deliveries in last Column.  

Table 9-1: Data Requirements
	DRD #
	DATA TYPE
	DRD TITLE
	DUE
	FREQUENCY
	REQUIRED 

FOR DO?

Y/N
	ADDITIONAL REQUIREMENTS

	1
	Written Approval
	Flight Government Furnished Equipment (GFE) Configuration Management Plan
	With proposal
	Once
	N
	

	2
	Mandatory Submittal
	Regular Status Report/Summary Review
	Five (5)  working days following DO start
	Twice monthly
	Y
	Status e-mail

	3
	Written Approval
	Project Technical Requirements Specification
	
	Once with revisions
	N
	Informal specifications as described in the SOW

	4
	Mandatory Submittal
	GFE Systems Requirements Data Package
	
	Once with revisions
	N
	

	5
	Written Approval
	Flight GFE Projects Requirements & Verification Document
	
	Once with revisions
	N
	

	6
	Mandatory Submittal
	Preliminary Design Review Data Package
	
	Once with revisions
	N
	

	7
	Written Approval
	Flight GFE Workmanship Specifications List
	
	Once with revisions
	N
	

	8
	Written Approval
	Project Schedule
	
	Once with revisions (due with DO proposal, updates & details provided as DO progresses)
	Y
	

	9
	Written Approval
	Flight GFE Interface Control Document
	
	Once with revisions
	N
	

	10
	Written Approval
	GFE End Item Specification
	
	Once with revisions
	N
	

	11
	Mandatory Submittal
	Flight GFE Failure Analysis Report
	
	As required
	N
	

	12
	Written Approval
	Flight GFE Verification and Validation Plan
	
	Once with revisions
	N
	

	13
	Written Approval
	GFE Software Requirements Specification
	
	Once with revisions
	N
	

	14
	Written Approval
	GFE Software Development Plan
	
	Once with revisions
	N
	

	15
	Written Approval
	GFE Software Design Document
	
	As required
	N
	

	16
	Written Approval
	Engineering Drawings
	
	Once with revisions
	Y
	

	17
	Written Approval
	Electrical, Electronic, and Electromechanical (EEE) Parts Lists and Analysis Report
	
	As required
	N
	

	18
	Mandatory Submittal
	Critical Design Review Data Package
	
	Once with revisions
	N
	

	19
	Mandatory Submittal
	Engineering Drawing Change Proposal
	
	As required
	N
	

	20
	Written Approval
	GFE Qualification Test Procedure
	
	Once with revisions
	N
	

	21
	Written Approval
	Flight Product User’s Guide
	
	Once with revisions
	N
	

	22
	Mandatory Submittal
	Software Code
	
	As required
	N
	

	23
	Written Approval
	Information Technology (IT) Security Program Plan and Reports
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	N
	

	24
	Written Approval
	Certification Plan
	
	Once with revisions
	N
	

	25
	Mandatory Submittal
	Certification Report
	
	Once with revisions
	N
	

	26
	Mandatory Submittal
	Engineering Analysis
	With midterm and final report
	As required
	Y
	

	27
	Mandatory Submittal
	Acceptance Data Package
	
	One time
	N
	

	28
	Mandatory Submittal
	Export Control Audit Results
	After award of first DO; yearly on 09/30 thereafter
	Yearly
	N
	

	29
	Written Approval
	Quality Plan
	With proposal
	Once with revisions
	N
	

	30
	Written Approval
	Patent Rights-Retention
	As required
	As required
	N
	

	31
	Written Approval
	Shuttle/Station Payload Safety Data Package
	
	As required
	N
	

	32
	Mandatory Submittal
	Limited Life Systems List
	
	As required
	Y
	

	33
	Written Approval
	Space Station GFE Failure Modes and Effects Analysis and Critical Items List
	
	As required
	N
	

	34
	Written Approval
	Space Shuttle GFE Safety and Analysis Report & Hazard Report
	
	As required
	N
	

	35
	Written Approval
	Software Quality Assurance Plan Report
	
	Once with revisions
	N
	

	36
	Written Approval
	ISS Hazard Report
	
	As required
	N
	

	37
	Upon Request
	Reliability and Maintainability Plan
	
	One time
	N
	

	38
	Written Approval
	Government Certification Approval Request (GCAR)
	
	As required
	 N
	

	39
	Written Approval
	Risk Assessment Executive Summary Report (RAESR)
	
	As required
	N
	

	40
	Written Approval
	Problem Reporting and Corrective Action (PRACA)
	
	As required
	N
	

	41
	Upon Request
	Nonconformance Record
	
	As required
	N
	

	42
	Mandatory Submittal
	Government Industry Data Exchange Program and NASA Advisory Problem Data
	
	Once with revisions
	N
	

	43
	Written Approval
	EEE Parts Control Plan
	
	Once with revisions
	N
	

	44
	Mandatory Submittal
	Certification Data Package
	
	Once with revisions
	N
	

	45
	Written Approval
	Certification and Acceptance Requirements Document
	
	Once with revisions
	N
	

	46
	Upon Request
	Wage/Salary and Fringe Benefit Data
	
	One time
	N
	

	47
	Written Approval
	GFE Acceptance Test Procedure
	
	One time
	N
	

	48
	Mandatory Submittal
	Flight GFE Verification & Validation Report
	
	Once with revisions
	N
	

	49
	Mandatory Submittal
	Space Shuttle GFE Failure Modes and Effects Analysis (FMEA) and Critical Items List
	
	As required
	N
	

	50
	
	Reserved
	---
	---
	---
	---

	51
	Mandatory Submittal
	NASA Contractor Financial Management Reporting
	After issuance of first DO
	Monthly
	N
	

	52
	Written Approval
	Government Property Management Plan
	With proposal
	Once with revisions
	Attachment J-7
	

	53
	Mandatory Submittal
	System Safety Plan
	With proposal
	One time
	Attachment J-10
	

	54
	Written Approval
	R-Quality Plan Template
	With proposal/ revisions as required
	Only applicable to B-CRAVE contracts in accordance with the SOW and the DRD
	N
	 


Type 1 = Written Approval             Type 2 = Mandatory Submittal          Type 3 = Submittal Upon Request

CHANGES TO DRDs:  NONE
CHANGES TO GOVERNMENT FURNISHED PROPERTY:  NONE 

(IF YES, THEN INSERT GOVERNMENT FURNISHED PROPERTY TABLES)
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