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1 Key Definitions

For the purpose of this documents, the terms listed below shall be interpreted as follows:

HPEG MCP system:  the integrated system consisting mechanical counterpressure softgoods, any hardware to facilitate sufficient mechanical pressure or the transition from the pressurized suit environment to the mechanical pressure environment, and the suit-side disconnect.
HPEG MCP system/suit interface: the design solution and corresponding delivered hardware that facilitates the transition from the pressurized suit cavity at the suit side disconnect to the mechanical counterpressure glove softgoods.

Suit Side Disconnect: the hardgoods interface between the space suit lower arm and the MCP glove system; this part will be provided GFE (government furnished equipment).
2 HPEG MCP Requirements
1.1 Pressure and Leakage [PL]
Uniform Mechanical Pressure

[PL1] The HPEG MCP system shall provide uniform mechanical pressure to all areas of the hand, wrist and arm not protected by suit pressure in the ranges specified in Table 2-1 below when in flat extended and gripped poses.
	Location
	Mechanical Pressure (mmHg)

	Fingers (dorsum, ventrum, lateral)
	222 ± 22

	Finger Crotch
	≥ 30

	Palm (ventrum)
	≥ 120

	Opisthenar (dorsum)
	222 ± 22

	Wrist (dorsum, ventrum, lateral)
	222 ± 22

	Forearm (dorsum, ventrum, lateral)
	222 ± 22


Table 2-1: Mechanical Pressure Table

Rationale: Design constraint. This requirement shall be verified at a vacuum pressure of 222 mmHg below ambient (14.7 psia). Note that the intent of the finger crotch component of this requirement is to drive development and collect data on current state-of-the-art pressure application at this location. This requirement should be verified directly after completion of the Glove Performance Protocol to ensure uniform pressure is applied even after continued use.
Operating Pressure
[PL2] The HPEG MCP system shall function in an operating atmospheric pressure of 4.3(0.5 psid (29.6 (3.4kPad).
Rationale: The HPEG MCP system will be tested and used in a glovebox at 4.3 psid, which corresponds to the 222 mmHg mechanical pressure required.  The system shall accommodate this operating scheme. 
Structural Test Pressure

[PL3] The HPEG MCP system shall function in a structural test atmospheric pressure of 9.0 psid (62 kPad).

Rationale:  Although the HPEG MCP system will be nominally used at 4.3 psid, it should be designed to withstand, without damage, temporary periods of higher pressue deltas due to glovebox or test stand failure. This could be as high as the 9.0 psid relief valve set point in the JSC glovebox.
Maximum Static System Leakage Rate

[PL4] Each HPEG MCP system glove interface seal shall not leak more than 50.0 scc/m air when operated with a static suit at 4.3 psid above ambient.
Rationale:  The standard temperature and pressure (STP) conditions assumed for the sccm units are 0 °C and 1 atmosphere. This test will involve connecting the MCP gloves to a pressure source at 4.3 psid and measuring leakage with a surrogate subject arm in place to complete the seal to the suit pressurized volume.
1.2 Structure and Mass [SM]
Goal – Time between Required Maintenance

[SM1] The HPEG MCP system should not require maintenance or inspection sooner than every 40 hours of delta-pressure operations.
Rationale: Current development gloves undergo maintenance every 40hrs.  Note that the actual planned time between scheduled maintenance needs to be included in the Glove Maintenance Manual deliverable. In addressing this goal, discuss material selection, construction techniques, relevant component level testing, and any similarity to past configurations that support your time between required maintenance determination.
Weight

[SM2] Each HPEG MCP system glove shall have a weight no greater than 1.50 lbs not including hardware that was provided as GFE.
Rationale: Weight includes all HPEG MCP system components for a single hand with the exception of the hardware necessary to physically interface to the arm disconnect, which is provided as GFE. The seal to transition from the pressurized environment as well as any additional hardware to facilitate sufficient mechanical pressure is included in this weight calculation.
Wrist Length

[SM3] Each HPEG MCP system glove shall have a wrist to suit softgoods interface length no greater than 5.5 in, as shown in Figure 2‑1.

Rationale: The length is measured from the bend below the palm to the plane of the suit-side disconnect to suit lower arm softgoods interface. Glove wrist length must be limited to enable their use with existing suits which are limited in lower arm sizing.
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Figure 2‑1: Wrist Length

Isometric Man Loads

[SM4] The HPEG MCP system shall not fail or deform when exposed to the isometric man loads listed in Table 2-2 for 8.3 psid.
Rationale: These values were derived from the EMU S/AD.  NASA suit lower arms have axial restraint lines which concentrate man loads over specific suit side disconnect bolts, see Figure   2-2 for loaded bolts. Due to the unique  nature of this requirement and potential dependency on design, the plans to meet this requirement will be discussed at the kick-off meeting.
Table 2‑2: Isometric Man Loads

	Location
	Isometric Man Load

	Lower Arm/Suit Side Disconnect (per axial)
	134.0 lbf

	Wrist 
	382.0 lbf

	Thumb Crotch
	73.0 lbf

	Thumb Tip
	77.4 lbf

	Finger Crotch
	35.2 lbf

	Finger Tip
	26.4 lbf


Removability for Inspection and Repair

[SM5] The HPEG MCP system shall be designed for inspection, repair, and maintenance.
Rationale: Each of the HPEG MCP system components (seals, etc) shall be purposely and easily removable to facilitate inspection, repair, and maintenance.

Labeling

[SM6] The HPEG MCP system shall provide marking or identification on individual parts and assemblies denoting the part and serial number, except in such cases where it can be demonstrated that the part in question is too small to mark..

Rationale: 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. 

Sharp Edges

[SM7] The edges of all HPEG MCP system hardgoods shall have a minimum of 0.10 inch (0.25 cm) radius.
Rationale: All external edges and corners of parts of the HPEG MCP system need to be rounded or smooth to prevent injury to personnel handling the equipment or damage other suit components.

Note: This requirement was derived from SVHS7800 EMU Design and Performance Requirements Specification.

Use of NAS Fasteners

[SM8] The HPEG MCP system shall use National Aerospace Standard (NAS) fasteners.
Use of Helicoils

[SM9] All HPEG MCP system threaded fasteners used during maintenance procedures shall contain replaceable helicoils.

Rationale: Multiple cycling of fasteners used during routine maintenance will lead to thread wear.  Using replaceable helicoils allows these threads to be replaced.

1.2.1 Interface
Suit-side Disconnect Interface
[SM10] The HPEG MCP system shall interface with and be integrated to, standard EMU suit-side glove disconnects as provided to the contractor as government-furnished equipment.

Rationale: In order to faciliate testing and use of the HPEG MCP system by NASA, a standard disconnect must be used.  These standard EMU disconnects will be provided by NASA as GFE.
Donning Time
[SM11] The HPEG MCP system shall be a donnable within 2 minutes with the aid of one additional person.
Rationale: Both gloves should be donnable and capable of meeting all other performance requirements within a period of 2 minutes. Self-donning is not a requirement.
Doffing Time

[SM12] The HPEG MCP system shall be a doffable within 1 minute with the aid of one additional person.
Rationale: Both gloves should be doffable and capable of meeting all other performance requirements within a period of 1 minute. Self-doffing is not a requirement.

1.2.2 Manufacturing Best Practices

Heat, RF, Laser Seal Verification

[SM13] If traditional pressurized soft goods are employed in the design, all heat, radio frequency (RF), and laser seal operations shall include startup and shutdown samples to insure the quality of the bladder seals.

Rationale: Performing startup and shutdown samples for heat, RF, and laser sealing operations is a good manufacturing process derived from EMU.  Improper machine setup can lead to seals which may appear to be good but which fail early due to poor bonding.  Low quality seals are often difficult to detect since pressure testing will often lead to little/no loading of the bladder since the load generally is transferred into the restraint layer.  The exact standard to follow and pass/fail criteria is flexible based on the designs and materials selected.  The selection of the standard needs to be presented at a design review to obtain community concurrence. Note that this requirement only applies to pressurized soft goods.
Water Vapor Permeability

[SM14] The HPEG MCP system shall be permeable to water vapor on at least 90% of the surface area at a vacuum pressure of -200 mmHg.

Rationale:  MCP designs offer distinct advantages for cooling over pressurized designs.  To facilitate these advantages, the design must allow water vapor from evaporated sweat to pass through the glove.
Durability – Don/Doff
[SM15] The HPEG MCP system shall meet all requirements after completing 20 don/doff cycles.
Rationale:  The design should be robust and durable enough to withstand many don/doff cycles without appreciable impact to performance.
Durability – Standard Use
[SM16] The HPEG MCP system shall meet all requirements after completing three (3) repetitions of the performance tests as outlined in requirements SFM2 through SFM8.
Rationale:  The design should be robust and durable enough to withstand repetitive use without appreciable impact to performance.  See attachment Glove Performance Protocol Document for further documentation on these tests.  The performance results of this testing is expected to be delivered with the hardware.
1.3 Size, Fit, and Mobility [SFM]
Glove Size
[SFM1] The HPEG MCP system shall be sized to fit the three individuals as listed in Table 2-3, with Subject A being the primary design-to case.
Rationale:  Fit will be defined in this document as the ability to work efficiently without unreasonable size-related deficiencies, loss of circulation, or pressure points. Laser scans of the  individuals’ hands from Test Subject Table will be provided and additional means of providing subject anthropometry will be accommodated if reasonable.  See Figure 2‑2 for the dimension locations refered to in Table 2-3.  Refer to the Glove Performance Protocol Document – Fit for test setup.
Table 2‑3: Dimensions of Test Subjects (right hand)
	Dimension
	Subject A

(inches)
	Subject B

(inches)
	Subject C

(inches)

	1
	2.4375 
	2.6875
	2.75

	2
	2.1875
	2.4375
	2.4375

	3
	2.3125
	2.625
	2.75

	4
	2.8125
	3.0625
	2.8125

	5
	3.0625
	3.1875
	3.1875

	6
	2.5
	2.75
	2.75

	7
	2.875
	2.8125
	2.75

	8
	2.125
	2.5
	2.75

	9
	2.375
	2.3125
	2.25

	10
	2.0
	2.25
	2.25

	11
	3.5
	3.625
	3.5

	12
	7.875
	8.1875
	7.875

	13
	7.1875
	7.5
	7.75
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Figure 2‑2: Locations for Hand Measurements
Thumb Mobility

[SFM2] The HPEG MCP system should allow the user to touch points 0-9, as indicated in Figure 2‑3, with their thumb, when used with a glovebox at 4.3 psid below ambient.
Rationale: The thumb to finger points touch task, as described in the Glove Performance Protocol Document, drives mobility in the carpometacarpal (CMC) joint that improves overall dexterity during EVA tasks.  Refer to the Glove Performance Protocol Document – Thumb for test setup.
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Figure 2‑3: Thumb Touch Points 0 - 10

Index Finger Mobility

[SFM3] The HPEG MCP system should allow the user to touch points 1-4, as indicated in Figure 2‑4, with their index finger, when used with a glovebox at 4.3 psid below ambient.
Rationale: The index finger points touch task, as described in the Glove Performance Protocol Document, assesses mobility in the metacarpalphalangeal (MCP) joint and clearances between fingers that improve overall dexterity during EVA tasks.  Refer to the Glove Performance Protocol Document – Finger, for test setup.
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Figure 2‑4: Index Finger Touch Points 1 - 5
Peg Board Task
[SFM4] The HPEG MCP system should allow the user to complete the peg board task within 20 seconds, when used with a glovebox at 4.3 psid below ambient.
Rationale: The peg board task, as described in the Glove Performance Protocol Document,  provides a reasonable assessment of overall finger dexterity with faster completion times corresponding to more easily maneuverable glove designs.  Refer to the Glove Performance Protocol Document – Pegboard for test setup.
Tactility

[SFM5] The HPEG MCP system should allow the wearer to discern a gap width of no more than 0.15 inches between two straight edges, when used with a glovebox at 4.3 psid below ambient.
Rationale: The two-edge discrimination test first introduced by O’hara in 1988 is a repeatable methodology for quantitatively assessing tactility of a glove design.  The smaller the gap at time of detection, the greater the tactility of the gloves.  Refer to the Glove Performance Protocol Document – Tactility for test setup.
Wrist Flexion/Extension Mobility

[SFM6] The HPEG MCP system should have unmanned wrist flexion of 60° and wrist extension of 90° from the neutral position as referenced in Figure 2‑5, when used with a glovebox at 4.3 psid below ambient.
Rationale: Human capability varies widely between individuals and often times one direction is more dominant than the other for a given person.  The intent of the requirement is not to limit the available range of the glove to significantly less than ungloved capability.


[image: image5]
Figure 2‑5: Wrist Flexion/Extension

Wrist Adduction/Abduction Mobility

[SFM7] The HPEG MCP system should allow have unmanned wrist adduction of 30° and wrist abduction of 30° from the neutral position as referenced in Figure 2‑6, when used with a glovebox at 4.3 psid below ambient.
Rationale: Human capability varies widely between individuals and often times one direction is more dominant than the other for a given person.  The intent of the requirement is not to limit the available range of the glove to significantly less than ungloved capability.


[image: image6]
Figure 2‑6: Wrist Adduction/Abduction

Gloved Hand Grip Strength

[SFM8] The HPEG MCP system should have gloved hand grip strength greater than or equal to 55% of bare handed capability, when used with a glovebox at 4.3 psid below ambient.
Rationale: Grip strength degradation is an indicator of fatigue with prolonged use.  The higher the percentage of bare handed capability, the less the difference between gloved and ungloved capabilities.  Refer to the Glove Performance Protocol Document – Grip for test setup.
1.4 MCP/Pressurized Volume Transition

Comfort of Interface Seal

[MPVT1] Any HPEG MCP system seals against the skin surface to facilitate the transition should be as comfortable as possible.

Rationale: Although a transition from MCP to full-pressure would not exist in a full-body MCP, it is assumed that such a transition would exist at the neck to facilitate a full-pressure helmet for the crewmember.  Therefore, it is important to consider the comfort aspects of the analog interface at the arm in the HPEG MCP design.
Interface Seal
[MPVT2] Any HPEG MCP system seals against the skin surface to facilitate the transition shall leave no visible residue or mark for more than 10 minutes after doffing.

Rationale: Although a transition from MCP to full-pressure would not exist in a full-body MCP, it is assumed that such a transition would exist at the neck to facilitate a full-pressure helmet for the crewmember.  Therefore, it is important to consider the comfort aspects of the analog interface at the arm in the HPEG MCP design.
2 Verification Matrix
This section lists verification methods and notes for the HPEG MCP system.  Specific verification notes and verification methods (I=inspection, A=analysis, T=test and D=demonstration) have been included to give additional insight into the type and level of verification required for the HPEG MCP system.  
	Req #
	Description
	Verification Method
	Verification Notes

	 
	 
	I
	A
	T
	D
	 

	 
	2.1 Pressure and Leakage
	
	
	
	
	 

	PL1
	Uniform Mechanical Pressure
	
	X
	X
	
	Combination of test and analysis using sensors or some other means to directly measure pressure. Verification process to be reviewed at PDR. This requirement should be verified directly after completion of the Glove Performance Protocol to ensure uniform pressure is applied even after continued use.

	PL2
	Operating Pressure
	
	
	
	X
	

	PL3
	Structural Test Pressure
	
	
	
	X
	

	PL4
	Maximum Static System Leakage Rate
	
	
	X
	
	 

	 
	2.2 Structure and Mass
	
	
	
	
	 

	SM1
	Goal – Time between Required Maintenance
	
	
	
	
	

	SM2
	Weight
	X
	
	
	
	Includes all HPEG MCP system components for a single hand, including fasteners and seals, but not hardware to interface to arm disconnect.

	SM3
	Wrist Length
	X
	
	
	
	

	SM4
	Isometric Man Loads
	
	X
	X
	
	A combination of test and analysis.

	SM5
	Removability for Inspection and Repair
	
	
	
	X
	The verification shall be considered successful when it is shown that the individual is able to disassemble the HPEG MCP system into its primary components using standard tools.

	SM16
	Labeling
	X
	
	
	
	 

	SM7
	Sharp Edges
	X
	
	
	
	 

	SM8
	Use of NAS Fasteners
	X
	
	
	
	 

	SM9
	Use of Helicoils
	X
	
	
	
	 

	
	2.2.1 Bearing/Disconnect
	
	
	
	
	

	SM10
	Suit-side Disconnect Interface
	X
	
	
	
	

	SM11
	Donning time
	
	
	
	X
	 

	SM12
	Doffing time
	
	
	
	X
	

	SM13
	Heat, RF, Laser Seal Verification
	
	
	
	X
	Provide data log that includes startup and shutdown sample results.

	SM14
	Water Vapor Permeability
	X
	
	X
	
	Inspection of materials specifications or testing, if required.

	SM15
	Durability – Don/Doff
	X
	X
	X
	X
	Verify for each discrete requirement per applicable verification method.

	SM16
	Durability – Standard Use
	X
	X
	X
	X
	Verify for each discrete requirement per applicable verification method.

	
	2.3 Size, Fit, and Mobility
	
	
	
	
	

	SFM1
	Glove Size
	
	
	X
	
	Glove Performance Protocol Document – Fit.

Verification will be considered successful when each subject’s individual rating for each section averages 3.0 ± 0.5 without any ratings greater than 4 and  less than 2. Must be met by a minimum of Subject A within specified test subject pool.

	SFM2
	Goal - Thumb Mobility
	
	
	
	
	Refer to the Glove Performance Protocol Document

	SFM3
	Goal - Index Finger Mobility
	
	
	
	
	Refer to the Glove Performance Protocol Document

	SFM4
	Goal - Peg Board Task
	
	
	
	
	Refer to the Glove Performance Protocol Document

	SFM5
	Goal - Tactility
	
	
	
	
	Refer to the Glove Performance Protocol Document

	SFM6
	Goal - Wrist Flexion/Extension Mobility
	
	
	
	
	Refer to the Glove Performance Protocol Document

	SFM7
	Goal - Wrist Adduction/Abduction Mobility
	
	
	
	
	Refer to the Glove Performance Protocol Document

	SFM8
	Goal - Gloved Hand Grip Strength
	
	
	
	
	Refer to the Glove Performance Protocol Document

	
	2.4 MCP/Pressurized Volume Transition
	
	
	
	
	

	MPVT1
	Goal - Comfort of Interface Seal
	
	
	
	
	

	MPVT2
	Interface Seal
	
	
	
	X
	


3 Acronyms/Abbreviations

	ASTM
	American Society for Testing and Materials

	CMC
	Carpometacarpal

	EMU
	Extravehicular Activity Mobility Unit

	EVA
	Extravehicular Activity

	GFE

HPEG
	Government Furnished Equipment

High Performance EVA Glove

	ISS
	International Space Station

	JSC
	Johnson Space Center

	kPad
	Kilopascals Differential

	MCP
	Mechanical Counter-Pressure

	MCP
	Metacarpalphalangeal

	mmHg
	Millimeters of Mercury

	NAS
	National Aerospace Standard

	NASA
	National Aeronautics and Space Administration

	psid
	Pounds Per Square Inch Differential 

	RF
	Radio Frequency

	scc/m
	Standard Cubic Centimeters Per Minute

	STP
	Standard Temperature and Pressure
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