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Acronyms

AES
Advanced exploration system

AFUM
Acceptability for Use Memorandum

ATP
Authority to proceed

COTR
Contracting Officer’s Technical Representative
EMU
Extravehicular Mobility Unit
EVA
Extravehicular activity

FY
Fiscal year

GFE
Government Furnished Equipment

GSI
NASA Source Inspection
HPEG
High Performance EVA Glove
ISS
International Space Station
JSC
Johnson Space Center
MCP
Mechanical Counter Pressure
SOA
State of the art

SRQA
Safety, Reliability, and Quality Assurance

SSA
Space suit assembly

TSO
Test Safety Officer

WBS 
Work Breakdown Structure
Introduction


Background

The High Performance EVA Glove (HPEG) Mechanical Counter Pressure (MCP) project is an element under the Next Generation Life Support Systems Project, funded by the Space Technology Mission Directorate’s office of Game Changing Development.  The overall objectives of the HPEG MCP project are to advance the readiness level of Extra Vehicular Activity (EVA) mechanical counter pressure glove design and to generate corresponding standards by which performance may be quantitatively assessed.  The HPEG MCP system that results from the successful completion of the project will be delivered to the Space Suit and Crew Survival Systems Branch at the NASA Johnson Space Center (JSC).
The human body needs to feel a balance between the pressure of inhaled air and the blood pressure so that oxygen transfer in the lungs works properly and thus preventing blood from pooling in one part of the body.  In principle, the difference in breathing pressure and a reduced external pressure can be counteracted by applying mechanical pressure to the skin.  EVA gloves currently in use on the International Space Station are inflatable structures and apply the required pressure to the hands pneumatically.  An MCP glove in the form of an elastic, tight-fitting article has potential advantages over current EVA gloves in that improved dexterity and economy, through reductions in mass and volume, and safety, with MCP inherently having less severe failure modes as compared to loss of gas pressure, are anticipated.
Vacuum chamber tests of an MCP glove system were completed in 1999 at NASA JSC.  The most significant result from this assessment was the test subject hands under MCP could be exposed to absolute pressures as low as 1.1 torr for up to 60 minutes with only minor, temporary effects.  While these tests were successful in demonstrating proof-of-concept, several areas for glove improvement were identified -- uniformity of applied pressure, verification of applied pressure, mobility, ease of donning, and gripping interface.
The HPEG MCP Project Team believes this technology may lead to an improved glove solution to the performance challenges of future exploration missions and that the level of technology readiness can be advanced by incorporating state of the art materials and fabrication techniques.
The objective of this procurement will be accomplished by designing, fabricating, testing, and delivering an HPEG MCP system consisting of one pair of gloves, left and right, one each.  The HPEG MCP system delivered under this contract is expected to be at a technical readiness level to facilitate validation testing and mobility assessments scheduled for 2016.

Post-delivery Test Environment
The environments in which the HPEG MCP system will be tested include laboratory glove boxes and test stand equipment.  Testing will consist of 1-g, ambient pressures and at 4.3 psid below ambient inside a glove box.  The left and right gloves will be tested concurrently in the glove box.  The test stand will facilitate static and dynamic leakage assessments.  The primary location for this testing will be the Advanced Suit Lab (Building 34) at NASA JSC. 
          Structure of the Technical Requirements

The Technical Requirements section contains the minimum set of requirements and goals for the HPEG MCP system.  The Requirements are divided into four (4) subsections defining the system: [1] pressure and leakage, [2] structure and mass, [3] size, fit, and mobility, and [4] MCP/pressurized volume transition.  
A verification matrix containing all requirements has also been included.  This verification matrix provides elements that are included to further clarify expectations for the verification plan content.  Additionally, the anticipated verification method(s) for each requirement are included.  Finally, verification notes have been included for some requirements to help define specific expectations and guidelines.
Description of HPEG MCP System Architecture

The HPEG MCP system architecture shall consist of the elements described in Table 1: HPEG MCP System  
Table 1: HPEG MCP System

	Component
	Comments

	Gloves, left and right-hand, one each

	The softgoods that apply the mechanical pressure to the hands.

	Wrist Disconnect Interface, left and right-hand
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	The feature providing interface with the suit side wrist disconnect hardgood GFE (right-hand, pictured). 

	Interface Seal, left and right-hand
	The dam feature that provides the transition from ambient, laboratory environment to the mechanical pressure environment.  

	Design 
	

	Surface Pressure Sensing System
	Design of system, consisting of sensors facilitating real-time pressure data readout, used during verification testing


1.0 Contract Management and Administration

1.1 
Work Breakdown Structure 
The contractor shall use the Work Breakdown Structure (WBS) given below in Table 2, as a minimum level of control and reporting hierarchy.

Table 2: HPEG MCP System Work Breakdown Structure

	Level 1
	Level 2
	Level 3

	HPEG MCP Components
	Glove
Wrist Disconnect Interface
Interface Seal
	Design

Fabrication

Component-level integration

Testing



	Glove System
	Glove-level integration

Glove-level testing

Glove documentation

	N/A

	Design, Surface Pressure Sensing System
	System integration 
System documentation 

	N/A

	Management
	Schedule

Financial Reporting

Risk Management

Reporting 

	N/A

	SRQA
	Hazard Analysis

Quality Assurance
	N/A


1.2  Schedule

The contractor shall develop, maintain, and deliver an integrated Master Schedule using the WBS provided in Section 1.1 and attachment J.2 – Major Contract Milestones and Deliverables.  The schedule must clearly identify major milestones and indicate which milestones are on the project critical path for hardware delivery.  This is a minimum requirement for reporting. 
The schedule will be reviewed at the kick-off meeting, the preliminary review, the pre-fabrication review, and the pre-test review.  The schedule may also be reviewed in whole or in part at bi-weekly meetings.  
1.3 Financial Reporting    
The contractor shall provide labor and materials costs per WBS element, as defined in Section 1.1, Table 2.
1.4 Reporting
1.4.1 Kick-off Meeting

The contractor shall participate in a kick-off meeting at NASA JSC no later than two (2) weeks after authorization to proceed (ATP) is granted by the NASA Contracts Officer.  The meeting is expected to last two days.  At least one (1) contractor team member shall be physically present at JSC for the meeting.  The purpose of the kick-off meeting is three-fold:  [1] to ensure common understanding of requirements, verification testing, deliverables, and expectations; [2] to provide face-to-face interaction with NASA’s space suit engineering team; and [3] to provide direct familiarization with the facility interfaces (glove box, wrist disconnects, etc.).
The contractor shall prepare a presentation for the kick-off meeting that reviews all of the tasks, documents any areas in which the contractor desires more clarity (design and verification requirements, deliverables, etc.), outlines verification methods, identifies any NASA furnished data and equipment, and details the contractor’s project management plan, including a review of the proposed HPEG MCP system configuration, the project schedule, project risks and mitigation plans.  The contractor shall deliver a final of the Management Plan (see DRD-HPEGMCP-01) at the kick-off meeting.  Additional contractor requirements are specified in attachment J.2, Major Contract Milestones and Deliverables, 
At the conclusion of the kick-off meeting, the contractor and NASA will reach an agreement on the meaning of any ambiguous items, or have a specific plan to resolve them.  The contractor shall provide NASA with a memorandum noting agreements reached during the kick-off meeting no later than three (3) business days following the meeting.  If required, a contract modification will be issued to incorporate any agreements and/or changes.
1.4.2 Preliminary Design Review Meeting

The contractor shall host the preliminary design review through telecom or WebEx no later than 2 months after ATP.  The purpose of the preliminary design review is three-fold: [1] to assess the design against the requirements, [2] to come to an agreement on the HPEG MCP system configuration, including the proposed architecture of the surface pressure sensing system, that will be taken forward into detailed design, fabrication, and testing stages, and [3] to status the project cost, schedule, and risks.  
The contractor shall prepare a presentation for the preliminary design review that describes each component, analysis and data supporting the design, technical risks or issues associated with the design, and forward work.  The presentation shall also include reviews of the project schedule, cost and financial reporting information, and programmatic risks.  As proper fit is crucial to MCP glove functionality, the presentation shall detail the contractor’s plan to incorporate and convert furnished subject anthropometry data to design and fabrication requirements.  Finally, the presentation materials shall include a draft of the verification plan.  Additional contractor requirements are specified in attachment J.2, Major Contract Milestones and Deliverables,
At the conclusion of the preliminary design review, the contractor and NASA will reach agreement on the HPEG MCP system design to be carried forward into the detailed design, fabrication, and component level testing stages.  The contractor shall provide NASA with a memorandum describing agreements reached no later than five (5) business days following the meeting.

1.4.3 Pre-Fabrication Review Meeting
The contractor shall present a pre-fabrication review at NASA JSC between 5 and 8 months after ATP.  At least one (1) contractor team member shall be physically present at JSC for the meeting.  The purpose of the Pre-Fabrication review is five-fold: [1] to assess the design against the requirements, [2] to come to an agreement on the configuration that will be fabricated, [3] to status the project cost, schedule, and risks, [4] to come to an agreement on methods to accomplish the requirements of the verification plan, and [5] to review action and open items from the PDR and follow-on meetings.

Five days prior to the review, the contractor will deliver an electronic copy of the model files and an electronic copy and a hard copy of the engineering drawings and analyses performed in support of the design and testing, the verification plan, and the draft hazard analysis.  The contractor shall prepare a presentation for the review that describes each component, analysis and data supporting the design, measures taken to insure design and fabrication requirements reflect furnished subject anthropometry data, technical risks or issues associated with the design, design updates incorporated post-PDR, and forward work.  The presentation shall also include reviews of the draft documents due at the pre-fabrication review, project schedule, cost and financial reporting information, and programmatic risks.  Additional contractor requirements are specified in attachment J.2, Major Contract Milestones and Deliverables,
At the conclusion of the review, the contractor and NASA will reach agreement on the HPEG MCP system design to be fabricated.  The contractor shall provide NASA with a memorandum describing agreements reached no later than five (5) business days following the meeting.
1.4.4 Pre-test Review Meeting

The contractor shall host a pre-test review meeting prior to initiation of the testing of the HPEG MCP system per the verification plan.  The HPEG MCP system hardware, including the surface pressure sensing system, shall be present at the meeting. The purpose of the meeting is five-fold: [1] to review the as-built hardware and final analyses against drawings and requirements before entering the verification phase to make a determination whether the hardware is ready for testing, [2] to communicate the final version of the verification plan, [3] to review the hazard analysis and results from contractor-internal test readiness reviews, [4] to review project schedule, cost, and technical and programmatic risks, and [5] to identify test personnel, responsibilities, and test equipment.  
The contractor shall prepare a presentation describing the design, deviations in the as-built hardware from the configuration reviewed at the pre-fabrication review, verification plan, and rationale for testing readiness -- including a detailed summary of internal test readiness review activities, health and safety hazards, controls, and actions and action status.  In addition, the presentation shall also include a review of the cost and financial reporting information and list any remaining concerns and risks with the design, hardware, schedule, or cost.  Finally, the presentation shall identify the test facility, test equipment, and test personnel and their roles and responsibilities.  If NASA test subjects are requested for testing at non-JSC facilities, consideration should be given to number of trips and total length of travel required.  If contractor test subjects are recommended, NASA shall approve specific subjects based on comparisons of anthropometry to the test subject pool and subject experience.  Additional contractor requirements are specified in attachment J.2, Major Contract Milestones and Deliverables.
Drafts of the HPEG MCP system Fit Check Procedures and Operations Document are                                                              due at the pre-test review.
At the conclusion of the pre-test review, the contractor shall prepare a memorandum documenting the results of the meeting and the agreement to test with any caveats or pre-test actions no later than three (3) business days following the meeting.
        1.4.4.1  NASA Observers during Testing

NASA representatives shall be permitted to observe tests specified in the verification plan.  The contractor shall provide written notification three (3) business days prior to each scheduled test date.  The test activity may commence as scheduled, with or without NASA observers, following the written notification.
1.4.5 Post-delivery Training and Support
The contractor shall provide a hands-on training session within two (2) weeks of the delivery of the HPEG MCP system for NASA suit engineers and Advanced Suit Laboratory technicians at NASA JSC.  The purpose of the post-delivery training session is three-fold: [1] to familiarize the suit engineers and technicians with the hardware, fit check procedures, inspection, the design, integration, and operation of the surface pressure sensing system, and stowage and handling requirements, [2] to communicate techniques and experiential expertise that is best communicated through demonstration, and [3] to review glove sizing procedures and operations manual to clarify written descriptions to intended actions.

The contractor shall be available to answer questions regarding operation and maintenance of the HPEG MCP system for a period of 60 days following NASA acceptance of the hardware.  Support is estimated to be around 16 hours of work over the 60 day period.
1.4.6 Bi-Weekly Status Meetings
The contractor shall lead bi-weekly (once every other week) status meetings.  The purpose of the bi-weekly meetings is to maintain a working dialogue between the COTR and the contractor.  The contractor shall provide a written outline covering the following content: [1] technical tasks accomplished in the preceding week, [2] tasks planned for the next two weeks, [3] potential technical, cost, and schedule risks and the plan to mitigate the risks, [4] design changes and change proposals, [5] material procurement and fabrication status, and [6] status of and results from verification testing.  The bi-weekly status meeting time and format (telecom, WebEx, phone call, face-to-face) will be determined between the NASA COTR and the contractor.  Bi-weekly meeting content will be supplemented with special topics, such as review of the financial reporting, discussions regarding requirements, travel planning and coordination (Table 3), or other topics requiring additional communication.
Table 3: Travel Required

	Contractor Travel
	Minimum Travelers

	Kick-off Meeting
	1

	Pre-Fab Review Meeting
	1

	Post-Delivery Training
	1


2.0 Safety, Reliability, and Quality Assurance (SRQA)
2.1 Applicable SRQA Documents

The contractor shall be compliant with the documents listed in Table 4.  This is not an inclusive list.  Other documents are imposed specifically in subsequent sections of the Statement of Work.

Table 4: Applicable SRQA Documents
	Document Number
	Document Name
	Revision/

Date

	JPR 1700.1
	JSC Safety and Health Handbook
	Rev. K, 11-13 

	JSC 17773
	Instructions for Preparation of Hazard Analysis for JSC Ground Operations
	Rev D,

11-13


2.2 Hazard Analysis

The hazard analysis is a critical component of the design process.  Early identification of hazards and hazard controls and verifications guides hardware design toward robust solutions.  A draft of the hazard analysis is due five days before the pre-fabrication review.  The final hazard analysis is due at the pre-test review.  
The contractor shall prepare a hazard analysis in accordance with JPR 1700.1 Chapter 2.3 and JSC 17773.
The contractor shall include HPEG MCP system hazards and the controls related to the glove being tested in the test environment, i.e. toxicity, flammability, structural failure, etc.  In addition, the contractor is expected to provide NASA with hazards and controls inputs associated with HPEG MCP system testing with the Building 34 glove box.

The contractor shall obtain NASA COTR signature on the hazard analysis.
The following hazard analysis is provided in the technical library as an example:  

CTSD-ADV-805 Hazard Analysis for Building 34 Vacuum Glove Box Assembly
2.3 Quality Assurance
2.3.1 Identification and Marking
The contractor shall identify and mark hardware with part numbers which are clearly visible on major components. The part numbers will be used to verify configuration of the HPEG MCP system prior to test and assist with proper hardware maintenance and repair. The definition of ‘major components’ will be agreed upon at the kick-off meeting.
2.3.2 Hardware Cleanliness

The hardware shall be free of manufacturing residue, dirt, oil, grease, processing debris, or other extraneous contamination.
2.3.3 Customer Verification of Subcontracted Products

The contractor shall submit the appropriate subcontract documentation to the designated NASA quality representative for determination of the need for NASA Source Inspection (GSI) prior to release of a subcontract.  When the NASA quality representative elects to require GSI for a subcontract, the following statement shall be included in the direction:

“All work on this order is subject to inspection and test by the NASA at any time and place.  The NASA quality representative who has been delegated quality assurance functions on this procurement shall be notified immediately upon receipt of this order.  The NASA representative shall be also notified 48 hours in advance of the time articles or materials are ready for inspection or test.”

For procurements that do not require GSI, the following statement shall be included in the direction:

“The NASA has the right to inspect any or all of the work included in this order at the contractor’s plant.”
3.0 HPEG MCP Technical Requirements
The HPEG MCP system technical requirements are included in attachment J.1.
4.0 Government Furnished Equipment
The hardgoods interface between the space suit lower arm and the MCP glove system will be furnished to the contractor to accomplish the contract.  The contractor shall notify NASA of the need date at the Kick-off meeting.  The property is to be controlled and reported by the contractor in accordance with FAR 52.245-1, and related NASA FAR Supplement clauses, and DRD-HPEGMCP-02. 
The integration of GFE with the MCP glove system shall not require disassembly of the wrist disconnects nor involve permanent, irreversible modifications to the GFE.
Table 5: Government Furnished Equipment
	Part Name
	Part number
	Qty

	Wrist Disconnect, Suit Side, Left
	9813-04 (S/N 110)
	1

	Wrist Disconnect, Suit Side, Right
	9810-02 (S/N 133)
	1

	Clamping Ring, Wrist Disconnect, Left
	23163-1 (S/N 209)
	1

	Clamping Ring, Wrist Disconnect, Right
	23163 (S/N 134)
	1
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