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1 Z-2 Requirements
1.1 Pressure and Ventilation
Operating Pressure

[PV1] The Z-2 suit shall have an operating pressure of 8.3 (0.5 psid (57.2 (3.4kPad).

Rationale: Design constraint.

Maximum Operating Pressure

[PV2] The Z-2 suit shall have a maximum operating pressure of 10.6 psid (73 kPad).

Rationale: The Z-2 suit will not be designed to operate above 10.6 psid.  This level is set based on the ability of relief valves to relieve pressure in case of a failure during nominal operations.
Structural Test Pressure

[PV3] The Z-2 suit shall have a structural test pressure of 13.2 psid (91 kPad).

Rationale:  The Z-2 suit will be pressurized to 1.5 times the operating pressure and held at pressure for 5 minutes prior to each manned test.
Proof Pressure 

[PV4] The Z-2 suit shall have a proof pressure of 17.6 psid (121kPad).

Rationale:  Prior to the first manned use, the suit will be pressurized up to the proof pressure and held at that pressure for 15 minutes.  The proof pressure is 2 times the nominal operating pressure.
Ultimate Pressure

[PV5] The Z-2 suit shall have an ultimate pressure of 21.2 psid (146kPad).

Rationale:  The suit will be designed for an ultimate pressure of 21.2 psid; two times the maximum operating pressure.  It is not necessary to test the suit to ultimate pressure, but merely to show by analysis that the suit will support this ultimate pressure.
Note: The Ultimate Pressure takes into account a Factor of Safety of 2.0.
Ventilation Leakage Rate

[PV6] The Z-2 suit shall not leak more than 0.0123 lbm/hr of oxygen at a suit pressure of 8.3 psia in a vacuum environment.
Rationale: This leakage requirement is based on an equivalent leak rate of that of the ISS EMU.  Each of the following conditions has equivalent suit leakage characteristics and can be used to meet this leakage requirement.  These leakage conditions also assume that the suit leak behaves like a sharp edged orifice with zero approach velocity.  The standard temperature and pressure (STP) conditions assumed for the sccm units below are 0 °C and 1 atmosphere.

· A leakage rate of 35 sccm at 4.3 psi above vacuum 

· Assumed conditions are:  P (ambient) = 0 psia, P (suit) = 4.3 psia, 100% O2, Temp (suit) = 70 °F (21 °C), Discharge coefficient (orifice) = 0.840, A (orifice) = 0.0000203 in2 
· A leakage rate of 66 sccm at 8.3 psi above vacuum 

· Assumed conditions are:  P (ambient) = 0 psia, P (suit) = 8.3 psia, 100% O2, Temp (suit) = 70 °F (21 °C), Discharge coefficient (orifice) = 0.840, A (orifice) = 0.0000203 in2 

· A leakage rate of 99 sccm at 4.3 psi above 14.7 psi 

· Assumed conditions are:  P (ambient) = 14.7 psia, P (suit) = 4.3 psig, 100% O2, Temp (suit) = 70 °F (21 °C), Discharge coefficient (orifice) = 0.648, A (orifice) = 0.0000203 in2 

· A leakage rate of 104 sccm at 4.3 psi above 14.7 psi 

· Assumed conditions are:  P (ambient) = 14.7 psia, P (suit) = 4.3 psig, 79% N2, 21% O2, Temp (suit) = 70 °F (21 °C), Discharge coefficient (orifice) = 0.648, A (orifice) = 0.0000203 in2
· A leakage rate of 154 sccm at 8.3 psi above 14.7 psi 

· Assumed conditions are:  P (ambient) = 14.7 psia, P (suit) = 8.3 psig, 79% N2, 21% O2, Temp (suit) = 70 °F (21 °C), Discharge coefficient (orifice) = 0.694, A (orifice) = 0.0000203 in2 

Ventilation Pressure Drop 

[PV7] The Z-2 suit shall have a ventilation loop pressure drop of no greater than 0.88 inches of water at 6 ACFM oxygen at 4.3psia, 60°F.

Rationale:  The PLSS assumes a total suit ventilation pressure drop of 1.2 inches of water. The LCVG pressure drop (according to the Liquid Cooling Garment S/AD) is 0.32 inches of water, which leaves 0.88 inches of water as the maximum suit pressure drop.

Note: This value includes the Z-2 suit ventilation inlet duct, the internal suit volume and the return ventilation duct from the multiple water connector (MWC) to the hatch return ventilation connector, but does not include the pressure drop of the LCVG.

Pressure Gauge

[PV8] The Z-2 suit shall provide a mechanical pressure gauge within the crew member’s field of view.
Rationale:  The internal suit pressure is considered a critical operating parameter and needs to be available to the crew during any suited pressurized operation.
Pressure Gauge Specifications

[PV9] The Z-2 suit pressure gauge shall have a pressure range of at least 0 psid to 15 psid.
Rationale:  This gauge will read correctly during vacuum chamber tests and tests in ambient conditions.  It measures a differential between the suit pressure and the environment.

Note:  Can perform proof pressure test without this gauge installed if that would harm the gauge.

Removable Pressure Gauge
[PV10] The Z-2 suit pressure gauge shall be removable.

Rationale:  The Z-2 suit pressure gauge need to be removed (or compatible) for NBL operations.
1.2 Structure and Mass
Rear Entry Suit

[SM1] The Z-2 suit shall incorporate a rear opening for donning/doffing as shown in Figure 1‑1.
Rationale: Extensive evaluations have already shown these dimensions are optimized for persons up to 95% male down to 50% female.  Additionally, this opening corresponds to internal line routing analyses conducted by NASA.
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Figure 1‑1: Hatch Rear Opening
Neck Ring Angle

[SM2] The Z-2 suit shall incorporate a helmet neck ring angled 43.5° relative to the hatch plane as shown in Figure 1‑2.
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Figure 1‑2: HUT Neck and Waist Angles

Waist Angle
[SM3] The Z-2 suit shall incorporate a waist angled 65.5° relative to the hatch plane as shown in Figure 1‑2.
Hard Upper Torso

[SM4] The Z-2 suit shall use a hard upper torso.

EMU Glove Interface
[SM5] The Z-2 suit shall interface with EMU Glove side wrist bearing (Airlock p/n: 9924 or 10088).
Rationale:  The wrist bearings part number 9924 and 10088 differ on internal design, but have the same physical interface to the suit. The use of existing designs will provide an interface compatible with several different glove designs for evaluation, and will allow existing hardware to be used if desired.  These glove side bearing will interface with the suit side of this interface Airlock p/n: 9809 (Left); 9810 (Right).
EMU Glove Compatible Sizing
[SM6] The Z-2 suit shall be compatible with Phase VI EVA Gloves.

Rationale:  Human hand sizing is widely variable from person to person.  Hand to glove fit is known to be a key contributor to suited performance.  It is cost prohibitive to design/deliver adequate quantities of gloves developed under this contract to fit all of the potential evaluators who will be in the suit in the coming years.  Therefore, to allow adequate evaluation of the Z-2 suit’s capabilities by multiple individuals it will be necessary for the Z-2 suit to be compatible with the Phase VI Glove which is already available in a number of sizes.

The distance between the Phase VI EVA suit glove-side glove clamping ring and the finger crotch, between the index and middle finger, when pressurized to 8.3 psid, is between 5 to 8 inches when pressurized to 8.3 psid for current crewmembers.  The Z-2 suit needs to include sizing features to allow the proper sizing with various suit gloves.

EMU Boot Interface

[SM7] The hole pattern of the Z-2 suit boot-side boot clamping ring shall match the EMU boot-side boot disconnect clamping ring hole pattern per Airlock p/n: 10154.
Rationale:  The Z-2 suit will use NBL EMU boots containing an APFR comparable bootplates in order to interface with NBL APFRs during NBL runs. The Z-2 suit disconnects need to interface with an EMU boot.  This can be accomplished by ensuring the Z-2 suit boot side ankle disconnect clamping ring uses the same hole pattern as the EMU boot.
EMU Boot Compatible Sizing
[SM8] The Z-2 suit shall be compatible with current EMU boots.

Rationale:  The Z-2 suit will be evaluated using the boots delivered as part of the Z-2 suit, and the current EMU boots.

The distance between the EMU boot-side boot clamping ring and the interior of the Z-2 suit boot heel when pressurized to 8.3 psid is 7.25 inches. The Z-2 suit needs to include sizing features to allow the proper sizing with various suit boots.
Boot Adjustment Mechanism

[SM9] The Z-2 Suit shall include a boot adjustment mechanism.
Rationale: This adjustment mechanism allows for the boot to be adjusted after donning and just prior to doffing so that the boot remains indexed to the foot during tasks performed in a gravity environment.
Boot Size
[SM10] The Z-2 suit shall include size 11 walking boots.
Operational Life

[SM11] The Z-2 suit shall provide an operational life of at least 90 hours of Manned Pressurized Time (MPT) to accomplish the tasks shown in Table 1‑1 without required maintenance or inspection.
Rationale: The Z-2 suit needs to be able to perform these evaluations (including a factor of safety of 2.0) without any required maintenance or inspections. During the course of a manned, pressurized test, manned pressurized time (MPT) is defined as the time from the connection of the last suit component that closes the pressure garment (usually a glove or helmet) to the time of the disconnection of the first component that opens the pressure garment (usually a glove).
Table 1‑1: Z-2 Suit Initial Manned Pressurized Time (MPT) Activities

	Activity
	Activity Duration
	Number of Activities
	Total Time

	Fit checks
	45 min
	8
	6 hours

	CO2 Washout Testing

(Three test subjects will perform 2 test session each. Test sessions are approximately 90 minutes each)
	90 min
	6
	9 hours

	Vacuum Chamber Testing
(Vacuum Chamber activity include CO2 washout testing performed by 5 test subjects)
	6 hours
	5
	30 hours

	Total Initial Testing Activities
X 2.0 Factor of Safety
	
	
	45 hours
90 hours


Goal – Time between Required Maintenance

[SM12] The Z-2 suit should not require maintenance or inspection sooner than every 40 hours of pressurized operations.
Rationale: Current development suits undergo maintenance every 40hrs.  Note that the actual planned time between scheduled maintenance needs to be included in the Suit Maintenance Manual deliverable.
Internal Harness

[SM13] The Z-2 suit shall contain an internal shoulder harness and an internal waist harness to position the shoulders in the scye opening such that the shoulder bearings do not contact the shoulders when standing upright or when inverted.
Rationale:  The crewmember needs to be secured inside of the suit to ensure adequate worksite visibility and to prevent crew injury.

Activities in the NBL will involve the Z-2 suit being in various orientations, which include being inverted.  Subjects will need to be secured inside the Z-2 suit in such a way that the subject can perform tasks without injury or significant discomfort in any orientation.

Additionally, these harnesses need to help distribute the weight of the suit during ground or planetary locomotion activities.

Self-Donnable Internal Shoulder Harness

 [SM14] The Z-2 suit shoulder harness shall be self-donnable and doffable. 
Rationale: The crewmember will need to don (and secure/tighten) and doff the Z-2 suit shoulder harness.

Goal – Self-Donnable Internal Waist Harness

[SM15] The Z-2 suit waist harness should be self-donnable and doffable.
Rationale: In some scenarios, the crewmember will need to self-don the suit. It would be ideal if the crewmember could self-don the waist harness in these scenarios.
Isometric Man Loads

[SM16] The Z-2 suit shall meet isometric man load requirements, as listed in Table 1‑2 for 8.3 psid (57.2 kPad) operations.

Rationale:  These values were derived from the EMU S/AD.
Table 1‑2:  Isometric Man Loads Requirements (Stated as Per Restraint)

	Component
	Isometric Man Loads (lbf)

	Upper Arm
	134

	Lower Arm
	134

	Boot
	460

	Brief/Thigh Side
	307

	Brief Fore/Aft
	354

	Leg, outboard
	240

	Thigh Inboard
	289

	Waist
	351


Impact 

[SM17] The suit shall meet leakage requirements after impact from a 2” diameter steel ball assuming a 250 lb crewmember, suit and 200 lb PLSS traveling at 13.9 ft/sec.

Rationale: The suit must protect the crewmember from catastrophic failure after a worst-case impact.  This impact velocity is derived by assuming a 4-mph horizontal velocity component and a simultaneous fall from 2m of height on the Martian surface; this corresponds to a reasonable worst-case “front running fall” scenario.  Note that these values were derived from the CxP Lunar EVA Falls Table and scaled up for Martian gravity.  This requirement applies to suit hardgoods only.  This requirement does not apply to the helmet.
Kick loads

[SM18] The Z-2 suit shall maintain pressure and structural integrity after experiencing a 125 lbf kick load distributed over a 3 inch by 3 inch area anywhere on the exterior of the Z-2 suit.

Rationale:  There is a possibility that another EVA crewmember could accidentally kick the Z-2 suit during an evaluation.  In this case, the Z-2 suit needs to be able to maintain pressure and not incur any damage.

Failsafe

[SM19] The Z-2 suit softgoods (with the exception of the glove softgoods) shall be a minimum of one fault tolerant against catastrophic structural failure.
Rationale:  Historically in suit designs loads are evaluated in the “hoop” and “axial” directions.  This requirement is applicable to both.  The EMU maintains fault tolerance in the axial direction by utilizing primary and secondary axial restraints.  The EMU maintains fault tolerance for hoop loading by taking credit for the structural integrity of the bladder in addition to the restraint.  Historically gloves have not been required to maintain fault tolerance for these scenarios due to the negative impact that implementing the necessary design features would have on glove torque and mobility.

Overall Weight

[SM20] The Z-2 suit shall have a mass less than or equal to 170 lbs.
Note: This Z-2 suit weight includes the weight of the HUT, hatch, helmet, EVVA, boots, arms, legs, waist, SIP, cover layer and all electronics.

Goal – Overall Weight

[SM21] The Z-2 suit should have a mass less than or equal to 140 lbs.

Rationale: This suit weight includes the weight of the HUT, hatch, helmet, Extravehicular Visor Assembly (EVVA), boots, arms, legs, waist, SIP, cover layer and all electronics.

Resize without Tools
[SM22] The Z-2 suit shall include sizing features that can be adjusted during IVA by a single crewmember without the use of tools.

Rationale: Resizing operations needs to involve minimal overhead.  The use of specialized tools would make the process more complicated and increase the probability for errors in the procedure or loss of components.  Sizing is intended to be performed when the suit is unpressurized.

Self Don/Doff Capability – Unpressurized
[SM23] The Z-2 suit shall be donnable and doffable by a single, unassisted crewmember in an ambient environment.

Rationale:  Donning begins with the crewmember in the Liquid Cooling Ventilation Garment (LCVG), wearing all preference items.  Donning ends after the hatch is closed and sealed and all fit adjustments (i.e., gloves), with the exception of the internal harness, have been made.  For the Z-2 suit, the internal harness should be self donnable/doffable. The suit shall provide the mobility to operate all latches, locks, etc. during donning.  Any latches, locks, etc. operated while the crew is inside the suit must be operable with a gloved hand.

Note: The hatch will be closed and opened by another crewmember or by the Suitport Vehicle, and is not required as part of the self don/doff capability.
Self Don/Doff Capability – 8.3 psid
[SM24] The Z-2 suit shall be donnable and doffable by a single, unassisted crewmember while the suit is at an 8.3 (57.2 kPad) psid pressure differential.

Rationale:  This requirement refers to donning and doffing associated with Suitport operations.  In this requirement, donning begins with the crewmember in an LCVG, wearing all preference items.  Donning ends just prior to the hatch being closed and sealed and all fit adjustments (i.e., gloves), with the exception of the internal harness, have been made.  For the Z-2 suit, the internal harness should be self donnable/doffable.  The suit shall provide the mobility to operate all latches, locks, etc. with the suit at an 8.3 psid pressure differential during donning. Any latches, locks, etc. operated while the crew is inside the suit must be operable with a gloved hand.
Notes:
· Suitport evaluations using the Z-1 suit have suggested that having a clear path from the hip to foot, and including suit sizing methods that minimize bladder bunching, will aid in don/doff of a pressurized suit.

· The hatch will be closed and opened by another crewmember or by the Suitport Vehicle, and is not required as part of the self don/doff capability.
Secondary Crew Removal Method

[SM25] The Z-2 suit shall provide a secondary method for removing a crewmember from the Z-2 suit in the event that the hatch is not able to be opened.

Rationale: If a suited crewmember becomes unconscious, and the hatch is inoperable, there needs to be a secondary method for removing the crewmember from the suit. This secondary access is assumed to be used only in emergencies, and could include cutting softgoods or forcing hatch latch dogs open (currently used as part of the EMU secondary removal method).

Factor of Safety

[SM26] The Z-2 suit shall maintain a minimum factor of safety of 1.5 against yield and 2.0 against ultimate failure for all loading cases.
Rationale:  These factors of safety are consistent with the flight requirements imposed on EMU.
Lock-Lock Mechanisms

[SM27] The Z-2 suit disconnects and hatch locking features shall be a minimum of one fault tolerant against accidental actuation including inadvertent bumps.

Rationale: Locking features intended to be addressed by this requirement include any connection of suit components to one another.  At a minimum, this would include the helmet disconnect, the wrist disconnect and the hatch.  Depending on suit design, there may be other locations where this requirement would apply as well.

Critical mechanisms of this type need to remain locked if inadvertently bumped.  This philosophy is in place on the ISS flight EMU for all sizing features and disconnects.  The EMU accomplishes this in different ways at different locations.  One method is to incorporate a single mechanism that requires a complex movement in multiple directions (i.e. push a button, then lift, and then slide).  Another method is to incorporate multiple mechanisms which are spread out enough that no one bump could actuate all of them, as is used on EMU Sizing Rings (3 locking buttons around the circumference of a ring).

Identification and Markings
[SM28] The suit 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: Individually marking as many parts as possible, and using serial numbers for every part, provides for better inventory management and tracking.  When possible, the contractor should meet the intent and guidelines of PRC-9002, Rev I: Process Specification for Part Marking.
Sharp Edges

[SM29] The edges of all Z-2 suit hardgoods shall have a minimum of 0.10 inch (0.25 cm) radius.
Rationale: All external edges and corners of parts of the Z-2 suit 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

[SM30] The Z-2 suit shall use National Aerospace Standard (NAS) fasteners.
Use of Helicoils

[SM31] All Z-2 suit 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.

Goal – Limit to Four Fasteners 

[SM32] The Z-2 suit should limit the total number of types and sizes of fasteners to four.

Rationale: The assembly/disassembly of the suit should require as few different tools as possible to increase simplicity of design and minimize maintenance time.  A goal of using only four types/sizes of fasteners throughout the suit would help reduce the number of tools used for assembly and disassembly. 

Goal – Limit Use of Torq-Set® Apex Style Fasteners 

[SM33] The Z-2 suit should limit the use of Torq-Set® Apex style fasteners to the extent possible.

Rationale: Torq-Set® Apex style screw tips are particularly prone to breaking when fasteners are torqued during suit assembly.  This presents an undesirable hazard to both the suit and technician.

Goal – Suit Interior Microbial Contamination Levels 

[SM34] The Z-2 suit should limit the level of microbial contamination on interior surfaces to 4 x 106 colony forming units/100 cm2 or fewer following post-doff clean up procedure and subsequent storage.

Rationale:  Microbial contamination can lead to a host of issues ranging from unpleasant odors to infections.  Control of microbes can be achieved by killing the microorganisms or inhibiting their growth.  Common control methods include materials selection, coatings on interior surfaces, and routine cleaning after use.  Microbial contamination level may continue to grow post cleaning during long-term storage and if actions are not taken to mitigate this growth crewmember health and/or the suit functional integrity can be compromised during the next suited activity.  Microbial contamination level limitation specification is determined in coordination with the JSC Microbiology Group captured in memo SF24-09-023 (Review of Constellation Program Space Suits Cleaning Criteria) dated February 23, 2009.

Note: Additional information related to material selection is shown in Bio contamination Control for Space Suit Garments – A Preliminary Study, Rhodes, R., A. Korona, D. Poritz, M. Leal, and W. Wong, ICES 2011.

Goal – Overall Suit Microbial Contamination Levels 

[SM35] The Z-2 suit should limit the level of microbial contamination on all surfaces to 4 x 106 colony forming units/100 cm2 or fewer.

Rationale:  The Science Mission Directorate, NASA Headquarters, and The Outer Space Treaty of 1967 state that forward and back contamination should be avoided when traveling to locations that could have, or do potentially harbor, life.  This does not apply to Low Earth Orbit (LEO) missions or to the Moon, which is listed as a planetary protection category II, having no limits on contamination.  Any mission to Mars, however, would have to take this into account.

Note: Additional information related to material selection is shown in Bio contamination Control for Space Suit Garments – A Preliminary Study, Rhodes, R., A. Korona, D. Poritz, M. Leal, and W. Wong, ICES 2011.

Goal – Suit Interior Fungal Contamination Levels 

[SM36] The Z-2 suit should limit the level of fungal contamination on interior surfaces to 100 colony forming units/100 cm2 or fewer following post-doff clean up procedure and subsequent storage.

Rationale:  Fungal contamination can lead to a host of issues ranging from causing physiological problems to impairing the functionality or use of material by changing its physical properties.  Common control methods include materials selection, coatings on interior surfaces, and routine cleaning after use.  Fungal contamination level may continue to grow post-cleaning during long-term storage and if actions are not taken to mitigate this growth, crewmember health and/or the suit functional integrity can be compromised during the next suited activity.  Fungal contamination level limitation specification is determined in coordination with the JSC Microbiology Group captured in memo SF24-09-023 (Review of Constellation Program Space Suits Cleaning Criteria) dated February 23, 2009.

Note: Additional information related to material selection is shown in Bio contamination Control for Space Suit Garments – A Preliminary Study, Rhodes, R., A. Korona, D. Poritz, M. Leal, and W. Wong, ICES 2011.

Goal – Overall Suit Fungal Contamination Levels 

[SM37] The Z-2 suit should limit the level of fungal contamination on all surfaces to 100 colony forming units/100 cm2 or fewer.

Rationale:  The Science Mission Directorate, NASA Headquarters, and The Outer Space Treaty of 1967 state that forward and back contamination should be avoided when traveling to locations that could have, or do potentially harbor, life.  This does not apply to LEO missions or to the Moon, which is listed as a planetary protection category II, having no limits on contamination.  Any mission to Mars, however, would have to take this into account. 
Note: Additional information related to material selection is shown in Bio contamination Control for Space Suit Garments – A Preliminary Study, Rhodes, R., A. Korona, D. Poritz, M. Leal, and W. Wong, ICES 2011.

1.2.1 Hatch/HUT Interfaces

1.2.1.1 Hatch Lock/Unlock Mechanism

Hatch Lock/Unlock Mechanism

[SM38] The Z-2 suit shall contain a hatch lock/unlock mechanism.

Rationale: The hatch needs to be able to be locked and unlocked
Hatch Lock/Unlock Mechanism Visual Indicator

[SM39] The Z-2 suit Hatch Lock/Unlock Mechanism shall provide a way to visually confirm that the mechanism is locked or unlocked.
Rationale: An indicator is required to confirm the state of this mechanism.
Note: This visual indicator ideally is visible by the suited crewmember, however for the Z-2 suit; visibility of this indicator by only an observer (or camera in the case of a Vacuum Chamber evaluation) is acceptable.

Hatch Lock/Unlock Mechanism Location

[SM40] The Z-2 suit hatch latch lock/unlock mechanism shall be located within the crewmember’s reach envelope.

Rationale: The crewmember needs to be able to actuate this mechanism.

Hatch Lock/Unlock Mechanism Operation by a Suited Crewmember

[SM41] The Z-2 suit hatch latch lock/unlock mechanism shall be operable with one hand by a suited crewmember.
Rationale: The crewmember needs to be able to actuate this mechanism in all operation cases
Hatch Lock/Unlock Mechanism Operation at 8.3 psid

[SM42] The Z-2 suit hatch latch lock/unlock mechanism shall be operable by a suited crewmember when there is a delta pressure of 8.3 psid across the suit.
Rationale: The crewmember needs to be able to actuate this mechanism when there is an 8.3 psi delta pressure across the suit in a suitport donning scenario.
Hatch Lock/Unlock Mechanism Actuation Torque

[SM43] The Z-2 suit hatch lock/unlock mechanism shall require < 5 in-lbs. of torque to open and close the latch with a single hand, when the suit is docked to a Suitport and the vestibule/SIP/suit to external suit environment pressure differential is 8.3psid.

Rationale: During chamber B altitude evaluations (8.3 psid across the suit) of the Marmon clamp Suitport and the Z-1 suit, it was found that an excessive and unacceptable amount of torque was required to actuate the Z-1 hatch lock/unlock mechanism.  The latch actuation issue has been attributed to potato chipping/warping of the Marmon clamp style SIP which caused binding of the Z-1 hatch sliding segment breach lock.

During chamber B altitude evaluations (8.3 psid across the suit) of the pneumatic flipper Suitport and the Z-1 suit, the torque required to actuate the Z-1 hatch lock/unlock mechanism was measured at 5 in-lbs, and found to be acceptable.
1.2.1.2 Hatch/HUT Hinges

Removable Hatch/HUT Hinges

[SM44] The Z-2 suit shall contain a set of removable hinges between the HUT and hatch. 

Rationale: The Z-2 suit hinges need to be removable to potentially evaluate alternative hinge designs that account for a 4” translation motion prior to rotation, or the dual pivot hinge used for MMSEV evaluations.  An example of a Hatch/HUT hinge is shown in Figure 1‑3.
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Figure 1‑3: Hatch/HUT Hinge Example
PIP Pin Hinges

[SM45] The Z-2 suit hinges shall incorporate the use a removable PIP Pin for each hinge pin.
Rationale: Easily removable hinges can aid in removal of a crewmember in emergency conditions.

HUT/Hatch Hinge (and interface) Load Capacity

[SM46] The Z-2 suit set of HUT/hatch hinges shall support the weight of the hatch plus the weight of a 200 lb PLSS with a factor of safety of 1.5 over yield.

Rationale: The hinges need to support the weight of the PLSS (200 lbs.) and the hatch (~15 lbs.).

HUT/Hatch Hinge Rotation

[SM47] The Z-2 suit hatch hinges shall allow the hatch to open to at least 90°.
Rationale: This is the minimum opening angle required to allow for donning and doffing.

1.2.1.3 Hatch Instrumentation Pass-through

Hatch Instrumentation Pass-through

[SM48] The Z-2 suit shall include a single instrumentation hatch pass-through.
Rationale: During Z-2 testing a bulkhead port in the hatch needs to be able to pass at least three air sampling tubes (¼” diameter each) into the suit interior in order to sample data such as CO2 concentrations.

Hatch Instrumentation Pass-through Geometry

[SM49] The Z-2 suit instrumentation hatch pass-through shall have the geometry shown in Figure 1‑4.
Rationale: During Z-2 testing a bulkhead port in the hatch needs to be able to pass at least three air sampling tubes (¼” diameter each) into the suit interior in order to sample data such as CO2 concentrations.

Notes: 
· Drawings defining the interface geometry (flatness, size and hole alignment) will be provided after contract award.

· The geometry of the Hatch Instrumentation pass-through interface and the PPRV interface are identical.
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Figure 1‑4: Hatch Instrumentation Pass-Through / PPRV Interface

Hatch Instrumentation Pass-through Access

[SM50] The Z-2 suit Hatch Instrumentation pass-through shall be free of obstructions on the interior and exterior sides of the hatch.
Rationale: Various instrumentation lines need to be routed through the hatch instrumentation pass-through.

Hatch Instrumentation Pass-through Location

[SM51] The Z-2 suit Hatch Instrumentation pass-through should be located in the general location shown in Figure 1‑5.
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Figure 1‑5: Hatch Instrumentation Port (General Location viewed from suit interior)
1.2.2 Helmet

Helmet Shape

[SM52] The Z-2 suit shall provide and employ the use of a Mark III-style 13” polycarbonate hemispherical dome helmet geometry shown in Figure 1‑6.
Note: This requirement only defines the shape of the helmet dome and not the neck ring or disconnect mechanism.
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Figure 1‑6: Helmet Geometry
Removable Helmet

[SM53] The Z-2 suit helmet shall be removable without the use of tools.

Helmet Optical Distortion

[SM54] The Z-2 suit helmet shall have no visible distortion or optical defects in the Field of View area (shown in Figure 1‑7), which are detectable by a person who has 20/20 or better visual acuity without corrective lenses.

Rationale: Distortion or optical defects can have ill effects on the crewmember.

Helmet Optical Homogeneity

[SM55] The Z-2 suit helmet Field of View area, shown in Figure 1‑7, shall be transparent and of good optical quality.

Helmet Imperfections

[SM56] The Z-2 suit helmet imperfections in the Field of View area, shown in Figure 1‑7, shall not exceed 0.03 inches diameter.

Rationale: The viewing area needs to have limited visible striae, cloudiness, and imperfections such as pits, bubbles, scratches, and foreign particles.

Helmet Imperfections Amount

[SM57] The total number of visible imperfections in the Z-2 suit helmet Field of View area, shown in Figure 1‑7, shall not exceed 4, nor shall there be more than 1 per square inch.

Rationale: The viewing area needs to have limited visible striae, cloudiness, and imperfections such as pits, bubbles, scratches, and foreign particles.

Helmet Color

[SM58] The Z-2 suit helmet color shall be equal to that which is inherent in clear, untinted, and UV stabilized polycarbonate material.

Helmet Non-FOV Area

[SM59] Imperfections in the Z-2 suit helmet non-FOV area, the area 0.5 inches from neck ring, shall not exceed twice the size or number of the critical area limits.

1.2.2.1 Helmet Extravehicular Visor Assembly [EVVA]

Extravehicular Visor Assembly [EVVA]
[SM60] The Z-2 suit shall provide an extravehicular visor assembly [EVVA] containing a protective visor, sun visor and opaque shell.
Removable EVVA
[SM61] The Z-2 suit EVVA shall be removable and replaceable.

EVVA Field of View
[SM62] The Z-2 suit EVVA shall provide at least a 90° transparent opening starting at the base of the helmet neck ring measured from the center of the neck ring, as shown in Figure 1‑7.

Rationale: Affording the crewmember with an expansive field of view is a driving requirement for the helmet, especially during surface EVA where sufficient viewing in all angles is desirable.
Note: The Helmet Non-FOV Area is the area 0.5 inches from neck ring and does not abide by the FOV area imperfection requirements.
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Figure 1‑7: EVVA Transparent Opening Wedge
Moveable Helmet Sun Visor
[SM63] The Z-2 suit EVVA shall provide a moveable helmet sun visor.

Rationale:  The sun visor may be used during tests or evaluations in the field.  The function of the sun visor is to serve as the space suit sunglasses
Helmet Sun Visor Controls/Tabs

[SM64] The Z-2 suit EVVA shall employ a helmet sun visor control mechanism using small tabs along the bottom of the visor.

Rationale: Previous sun shade control mechanisms that employed the use of side-mounted knobs take up valuable real estate and impede field of view.
Protective Helmet Visor

[SM65] The Z-2 suit EVVA shall have a stationary protective transparent acrylic helmet visor.

Rationale: This protective helmet visor is a redundant protective bubble covering the entire transparent helmet area. During Z-2 suit evaluations the protective visor will prevent damage to the helmet bubble.  NBL runs have historically resulted in damaged visors which need to be replaced between runs.

Protective Helmet Visor Optical Distortion

[SM66] The Z-2 suit EVVA stationary protective helmet visor shall have no visible distortion or optical defects, which are detectable by a person who has 20/20 or better visual acuity without corrective lenses.

Rationale: Distortion or optical defects can have ill effects on the crewmember.

Replaceable Protective Helmet Visor

[SM67] The Z-2 suit EVVA stationary protective helmet visor shall be replaceable in less than ten minutes.
Rationale: The protective helmet visor is designed to take bumps and scratches during use.  Quick replacement of this component allows for change-out during the middle of test days in the field or at the NBL.
1.2.2.2 Internal Hatch/HUT Interfaces

Feedwater Supply Assembly (FSA) Volume Placeholder

[SM68] The Z-2 suit shall provide the largest usable volume for an FSA located between the hatch and the hatch cage.

Rationale: The Z-2 suit will not use an actual FSA, but the Z-2 suit will be used to help define the volume for an FSA in the Z-3 Suit.

The FSA needs to fit within the pressurized volume of the Suit between the hatch and the hatch cage (flush to the hatch opening and preventing the crewmember from imparting loads on the FSA).  The current FSA design has a volume of 2” x 13” x 16”, which appears to be larger than the available space in the hatch.  The next iteration of the FSA will need to have a reduced volume, but the actual volume reduction will depend upon the available volume after packaging all of the other components within the hatch.

Note: The Z-3 Suit FSA will need to connect to the Primary Fluid Cooling Line – Return. The Z-2 FSA volume placement should therefore be close to the Primary Fluid Cooling Line – Return to minimize differences between Z-2 and Z-3.

Goal – FSA Location

[SM69] The Z-2 suit FSA should be located near the Primary Cooling Fluid Lines.
Notes: When placing the FSA in the hatch, ensure there is sufficient room for two primary LCVG lines and two auxiliary LCVG lines (including the additional 4 inches to account for a hinge that translates 4 inches aft, prior to rotating) when the hatch is closed.  Preliminary evaluations have shown that the fluid line management is not a trivial task.

The Z-3 Suit FSA will need to connect to Primary Fluid Cooling Return (to PLSS) line. The Z-2 FSA volume placement should therefore be close to the Primary Cooling Return line to minimize differences between Z-2 and Z-3.

FSA Attachment Interface

[SM70] The Z-2 suit shall provide a set of interfaces to attach an FSA prototype.
Note: This can simply be bosses with helicoils, quarter-turn fasteners, etc. located at the four corners of the FSA volume so that evaluations can be performed with an FSA in place following delivery
Auxiliary FSA Volume Placeholder

[SM71] The Z-2 suit shall provide a 32 in3 volume for an auxiliary FSA.

Rationale: A functional auxiliary FSA will not be used in the Z-2 suit; however a representative volume for the auxiliary FSA needs to be accounted for in the pressurized volume of the Z-2 to minimize differences between the Z-2 and Z-3 suits. 

Goal – Auxiliary FSA Location

[SM72] The Z-2 suit Auxiliary FSA should be located near the Auxiliary Cooling Fluid Lines.

Note: Although the Auxiliary FSA will not be used or connected to the Z-2 suit, the Auxiliary FSA will be connecter to the auxiliary cooling fluid return line in the Z-3 suit. Placing the Auxiliary FSA near the auxiliary return line will help minimize differences between the Z-2 and Z-3 Suits.
Hatch Cage
[SM73] The Z-2 suit hatch shall include a hatch cage that is flush with the HUT side plane.  The hatch plane is shown in Figure 1‑8.
Rationale: The FSA needs to be physically isolated from the crewmember in order to 1) prevent the crewmember from potentially over pressurizing the FSA if a crewmember falls backwards onto the FSA and 2) provide constant indexing for the crewmember throughout an EVA since the FSA volume will decrease during an EVA as it supplies water to the PLSS.
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Figure 1‑8: Hatch Cage Plane
Hatch Cage Coverage Area

[SM74] The Z-2 suit hatch cage shall provide a coverage area which at a minimum covers the FSA and Auxiliary FSA and at a maximum extends to the hatch edge.

Rationale: The FSA and Auxiliary FSA are the primary components for which the cage provides protection. It may also be beneficial to the crewmember and other hatch components (speakers, pass-through connectors, line routing, etc.) to provide coverage over these components as well.

Hatch Cage Interference  

[SM75] The Z-2 suit hatch cage shall not interfere with the performance or operation of any hatch components.

Rationale: The FSA cage needs to protect the FSA, while not interfering with any hatch or internal suit components.  The cage cannot obstruct the speakers, instrumentation pass-through, or cooling fluid line routing from the hatch to the HUT.
Hatch Cage Pass-throughs

[SM76] The Z-2 suit hatch cage shall provide pass-throughs to allow hatch-mounted component routing.

Rationale: If the FSA and Auxiliary FSA are the only components covered by the FSA Cage, the cage must allow the FSA and Auxiliary FSA to connect to the Primary Fluid Cooling Line – Return and Auxiliary Fluid Cooling Line – Return respectively.

Hatch Cage Loads

[SM77] The Z-2 suit hatch cage shall hold the weight of a 250 lb crewmember during a 2-g pullout without permanent deformation.
Rationale: The highest planned loading condition for the cage will occur during reduced gravity flights when a suited crewmember may take a 2-g pullout on their back.
Removable and Replaceable Hatch Cage
[SM78] The Z-2 suit hatch cage shall be removable and replaceable without the use of tools.
Rationale: The Z-2 suit hatch cage needs to be easily removable to allow maintenance and replacement of components behind the hatch cage (examples include the FSA and speakers). Use of fasteners that do not require tools (example quarter turn fasteners) are desired to reduce the total number of tools required to support suit maintenance.
Hatch Cage Padding

[SM79] The Z-2 suit hatch cage should contain padding.
Rationale: The interface between the crewmember and the cage should be comfortable.  Padding may be required to accomplish this.

Alternate Ventilation Inlet Duct Structural Interface
[SM80] The Z-2 suit HUT shall provide at least three threaded inserts along the interior of the upper 180° of the helmet neck ring, shown in Figure 1‑9.

Rationale: These threaded inserts will be used to bolt/secure alternate ventilation inlet duct designs to the HUT after delivery.  The alternate ventilation inlet ducts will be designed and fabricated by NASA.
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Figure 1‑9:Alternate Ventilation Inlet Duct Structural Interface Location Location

1.2.3 Manufacturing Best Practices

Restraint Line Loading

[SM81] All primary and secondary axial restraint lines on the test article shall be loaded to a minimum of 1.0 times the limit load during the manufacturing process.

Rationale: Because the nature of man loads, pressure tests (such as structural, proof and ultimate) often do not result in loading restraint lines to the loads they could see repeatedly during operation.  Good manufacturing practice derived from the EMU is to pull test all axial restraint lines during the manufacturing process to insure proper design and manufacturing and to provide increased confidence in the final product.  This manufacturing best practice is limited to softgood axial restraint lines and not the associated metallic bearings, brackets, pins, etc. which can all be analyzed and dimensionally verified.

Heat Seal Verification

[SM82] All heat seal operations on the test article shall include startup and shutdown samples to insure the quality of the heat seals.

Rationale: Performing startup and shutdown samples for heat sealing operations is a good manufacturing process derived from EMU.  Improper machine setup can lead to heat seals which may appear to be good but which fail early due to poor bonding.  Low quality heat seals are often difficult to detect since pressure testing will often lead to little/no loading of the bladder since the load general 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.

1.3 Mobility and Visibility
Anthropometric Range

[MV1] The Z-2 suit shall fit individuals within the anthropometric ranges listed in Table 1‑3.
Rationale:  The sizing requirements were developed to offer comparable suit sizes across various development projects and to accommodate the most used subject size and expected crew sizes.  Fit will be defined in this document as the ability to work efficiently without unreasonable size-related deficiencies, loss of circulation, or pressure points. It is expected that the suit will fit the entire range with all internal interfaces, such as ventilation duct, DIDB, etc. Figures showing where these dimensions are measured are shown in Figure 1‑10 through Figure 1‑21.
Table 1‑3: Body Dimensions of Test Subject Pool

	
	Minimum (in.)
	Maximum (in.)

	Stature
	64
	71

	Vertical Trunk Diameter
	24.5
	27.0

	Chest Breadth
	11.5
	13.5

	Expanded Chest Depth
	10.0
	11.0

	Hip Breadth
	13.5
	15.0

	Chest Circumference
	38.0
	41.0

	Thigh Circumference
	24.0
	26.0

	Knee Height
	17.5
	19.5

	Crotch Height
	29.0
	32.00

	Bicep Circumference
	12.0
	14.0

	Wrist to Wall
	24.0
	26.5

	Inter-elbow Distance
	32.0
	36.0

	Inter-wrist Distance
	53.0
	57.0
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Figure 1‑10: Stature

Subject stands erect, head facing forward, heels together, and weight distributed equally on both feet. Measure the vertical distance from the standing surface to the top of the head with the arm of the anthromometer firmly touching the scalp.
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Figure 1‑11: Vertical Trunk Diameter (Left and Right)

The subject stands erect looking straight ahead, heels far enough apart to insert anthropometer/calipers, and weight distributed equally on both feet. The subject should place one end of the measuring device into the pubis symphysis (male subjects should move scrotum out of the way). Measure the vertical distance from the crotch to the mid-shoulder landmark (have tech or engineer hold calipers). This measurement is done for both left and right side.
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Figure 1‑12: Chest Breadth

Subject stands erect, looking straight ahead with the arms slightly abducted. Measure the horizontal distance across the trunk at the level of the widest area of the bust point.
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Figure 1‑13: Expanded Chest Depth

Subject stands erect looking straight ahead, arms relaxed at sides, heels together, and weight distributed equally on both feet. Measure the horizontal distance across the trunk at the level of the widest area of the bust point while the subject is holding a full breath.
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Figure 1‑14: Hip Breadth

Subject stands erect, heels together and weight distributed equally on both feet. Measure the maximum horizontal breadth of the hips.
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Figure 1‑15: Chest Circumference

Subject stands erect looking straight ahead and weight distributed equally on both feet. Arms are abducted sufficiently to allow clearance of a tape measure between the arms and trunk. Measure horizontally the circumference of the trunk at the widest point of the chest. The measurement is made at the point of normal inhalation.
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Figure 1‑16: Thigh Circumference

Subject stands erect looking straight ahead, heels together, and weight distributed equally on both feet.

Measure the circumference of the thigh horizontally as close to the crotch as possible.

[image: image18.jpg]



Figure 1‑17: Knee Height

Subject stands erect, heels together and weight distributed equally on both feet. Measure the vertical distance from the standing surface to the knee landmark on the right leg.
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Figure 1‑18: Crotch Height
The subject stands erect looking straight ahead, with enough separation between the feet to insert the anthropometer/calipers, and weight distributed equally on both feet. The subject should place one end of the measuring device into the pubis symphysis (male subjects should move scrotum out of the way).

Measure the vertical distance from the standing surface to the crotch.
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Figure 1‑19: Bicep Circumference

Subject stands erect with the right arm slightly abducted and the hand relaxed. Measure the circumference passing over the biceps landmark with the tape held in the plane perpendicular to the long axis of the upper arm.
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Figure 1‑20: Inter-Elbow Measurement

Subject stands erect with both arms fully abducted, parallel to the standing surface with the palms facing forward. Measure the distance between the two elbow tip landmarks while standing behind the subject.
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Figure 1‑21: Inter-Wrist Measurement
Subject stands erect against the wall with both arms fully abducted, parallel to the standing surface with the palms facing forward. Measure the distance between the two wrist crease landmarks.

Bearing Joint Torque

[MV2] The Z-2 suit, without a cover layer, shall have bearing breakaway (starting) torques not exceeding the values shown in Table 1‑4 at 4.3 psid. 

Rationale: These values are taken from the EMU S/AD, EMUSPEC-SVHS7800, RevBZ, page 54, Table IB
Table 1‑4: Bearing Joint Torque

	Bearing
	Maximum Torque, in-lbs.

	Scye
	32

	Arm

	15


Softgood Joint Torque at 4.3psid
[MV3] The Z-2 suit, without a cover layer, shall have joint torques not exceeding the values shown in Table 1‑5 in either the flexion or extension direction referenced in Figure 1‑22 at 4.3 psid.

Rationale: The joint torque values must not exceed our current prototype suit capabilities.
Table 1‑5: Softgood Joint Torque at 4.3psid

	Softgood Component
	Maximum Torque, in-lbs.

	Elbow

	45

	Knee
	100
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Figure 1‑22: Range of Motion Flexion and Extention References
Softgood Joint Torque at 8.3psid

[MV4] The Z-2 suit, without a cover layer, shall have joint torques not exceeding the values shown in Table 1‑6 in either the flexion or extension direction referenced in Figure 1‑22 at 8.3 psid.

Rationale: The joint torque values must not exceed our current prototype suit capabilities.

Table 1‑6: Softgood Joint Torque at 8.3psid

	Softgood Component
	Maximum Torque, in-lbs.

	Elbow

	80

	Knee
	145


Range of Motion at 8.3 psid
[MV5] The Z-2 suit shall allow suited subjects within the anthropometric ranges specified in requirement MV1 to perform repeated circuits of the functional tasks shown in Table 1‑7 without assistance in a 1-g ambient environment at a suit pressure of 8.3 psid.

Note: All tasks will be performed without the SIP, but with a cover layer.
Table 1‑7: Functional Tasks at 8.3 psid

	Task
	Success Criteria

	Single knee/single hand object pick-up
	Controlled motion to kneel, lift 1.0lb object (minimum size 3”x2”x4”) with one-hand, controlled motion to standing while maintaining hold of object

	Single knee/two hand object pick-up
	Controlled motion to kneel, lift 2.0lb object (minimum size 8” cube) with two hands, controlled motion to standing while maintaining hold of object

	Standing Toe Touch
	Controlled motion down, touch fingers to top of each boot and rotate adjustment device, if present (may touch boot with hand of choice), controlled motion back to standing

	Cross-body Reach
	While standing, grasp handle (or 1.0lb object) from approximate subject eye-height with two hands on subject’s left side, controlled motion to bring handle/object to subject’s knee height on right hand side at a distance of 1 foot to the right of the subject, controlled return to start position.

	Single hand object floor to shelf
	Controlled lean to side, grab small suitcase (with a mass of 4 lbs and a volume of 4” x 6” x 8”) with one hand, keeping object in same hand place on shelf at subject eye-height on opposite side of the body without taking a step, return to start position.  Repeat for both sides of the body.

	Walking
	Walk 20ft across level floor with stride length no less than 20% of unsuited subject stride length while walking

	Suitport Interface Plate Reach
	Reach top center of suitport interface plate with at least two fingers of each hand.  Hold for 5 sec.  Reach bottom corner of suitport interface plate with at least two fingers of each hand.  Hold for 5 sec.

	Visor Reach
	Controlled two-handed operation of sun visor open/close.  Perform two complete cycles.


Arm Adjustment Increment

[MV6] The Z-2 suit shall accommodate arm sizing adjustments with maximum adjustment increment of 0.25 in. (0.635 cm). 

Rationale:  The suit must accommodate a range of test subjects, allowing them to operate with a comfortable fit.

Leg Adjustment Increment 

[MV7] The Z-2 suit shall accommodate leg sizing adjustments with a maximum adjustment increment of 0.5 in. (1.27 cm). 

Rationale:  The suit must accommodate a range of test subjects, allowing them to operate with a comfortable fit.

Crotch to Shoulder Adjustment Increment 
[MV8] The Z-2 suit shall accommodate crotch to shoulder sizing adjustments with a maximum adjustment increment of 0.75 in. (4.4 cm).

Rationale:  The suit must accommodate a range of test subjects, allowing them to operate with a comfortable fit.
Vertical Trunk Diameter Sizing Component
[MV9] The Z-2 suit shall provide a sizing component that increases the maximum vertical trunk diameter dimension to 28.5 inches. 

Rationale: The Z-2 suit needs to be optimized for the anthropometric dimensions stated in requirement MV1; however there is a desire to include an additional sizing component which would extend the maximum vertical trunk diameter dimension to 28.5 inches to accommodate a larger population of test subjects.

1.4 Suit Interior Interfaces

Valsalva Device Interface
[SII1] The Z-2 suit shall interface with an EMU Valsalva device (ILC p/n: SDD13100436).
Rationale:  The Z-2 suit will use the existing EMU Valsalva device.
Drink Bag

[SII2] The Z-2 suit shall provide the physical interface for a 32 ounces of potable water for crew hydration in the interior of the suit.
Rationale: In order for a suited subject/crewmember to stay hydrated, the Z-2 suit needs to incorporate hydration in a usable location inside the pressurized volume of the suit for chamber and NBL runs.
Functional Drink Bag
[SII3] The Z-2 suit shall include a functional drink bag or bags that provide 32 ounces of drinking water to the suited subject.
Rationale: Drink bags are required for vacuum chamber and NBL tests.

Goal – Use of EMU DIDB

[SII4] The Z-2 suit should use an EMU Disposable In-Suit Drink Bag (DIDB), ILC p/n: 0110-110110-04.

Rationale: It will be helpful if the EMU DIDB can be used for vacuum chamber and NBL tests.
PPRV Interface Location

[SII5] The Z-2 suit shall have a PPRV interface located roughly in the location shown in Figure 1‑23.

Rationale: The crew does not need to physically interact with the PPRV during an EVA; therefore the PPRV should be outside of the operational work envelope.  This location was chosen because it is both outside of the operational work envelope and is away from the hinge side of the hatch.
Note: The Positive Pressure Relief Valve (PPRV) is a passive device intended to prevent the suit from over-pressurization.  The PPRV will have a similar mass and volume as the EMU PPRV, with a mass less than 0.3 lbs, diameter of 1.94 inches and an overall height of 1.22 inches (extending 0.9 inches above the surface of the interface).
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Figure 1‑23: PPRV Interface (General Location)
PPRV Interface Geometry

[SII6] The Z-2 suit PPRV interface shall have the geometry shown in Figure 1‑4.
Rationale: This drawing defines the interface geometry (flatness, size and hole alignment) which is being used to procure an acceptable PPRV.
PPRV/ Hatch Instrumentation Pass-through Blanking Plate

[SII7] The Z-2 suit shall provide a Blanking Plate that interfaces with the PPRV interface geometry shown in Figure 1‑4.
Rationale: The Z-2 suit will most likely not use a suit mounted PPRV for the majority of pressurized testing, however the Z-2 suit design needs to be able to operate with and without a PPRV in the location shown in Figure 1‑23.

Note: The geometry of both the Hatch Instrumentation Pass-through interface and the PPRV interface are identical to increase component commonality.
PPRV/ Hatch Instrumentation Pass-through Blanking Plate – 8.3 psid

[SII8] The Z-2 suit PPRV/ Hatch Instrumentation Pass-through Blanking Plate shall be used when the Z-2 suit is operated at 8.3 psid.

Rationale: The Z-2 suit will most likely not use a suit mounted PPRV for the majority of pressurized testing, however the Z-2 suit design needs to be able to operate with and without a PPRV in the location shown in Figure 1‑23.

Note: The geometry of both the Hatch Instrumentation Pass-through interface and the PPRV interface are identical to increase component commonality.
Multifunction Purge Valve Location Keep-out Zone – External

[SII9] The Z-2 suit shall have a keep-out zone on the suit exterior of a 2 inch diameter and 2 inch height located in the general location shown in Figure 1‑24, to scar for the multifunctional purge valve.

Rationale: A multifunction purge valve will not be used on Z-2, but needs to be accounted for in the Z-2 design to minimize differences between the Z-2 and Z-3 suits. The assumed volume of the Multifunction Purge valve is a 2 inch diameter cylinder with a height of 2 inches.  A mock-up of this hardware will most likely be attached to Z-2 using Velcro in this location.  This is also the general location of the EMU helmet purge valve, so it is assumed that this will be an acceptable location for a more mobile suit.  The left side of the helmet bubble was also chosen because the associated lines inside the Z-3 HUT will need to connect to the purge valve oral inlet at the base of the helmet neck ring and the LCVG vent lines located near the bottom of the HUT/hatch hinge line.
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Figure 1‑24: Multifunction Purge Valve Interface on the HUT (General Location)

Multifunction Purge Valve Location Keep-out Zone – Internal

[SII10] The Z-2 suit shall provide a keep-out zone on the suit interior of a 2 inch diameter and 0.5 inch depth located in the general location shown in Figure 1‑25.

Rationale: A multifunction purge valve will not be used on Z-2, but needs to be accounted for in the Z-2 design to minimize differences between the Z-2 and Z-3 suits. The assumed volume of the Multifunction Purge valve is a 2 inch diameter cylinder with a height of 0.5 inches into the interior of the suit.  
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Figure 1‑25: Internal Purge Valve Hardware (General Locations)

Purge Valve Oral Inlet Location Keep-out Zones

[SII11] The Z-2 suit shall not locate any hardware in the suit interior within a 2 inch x 4 inch footprint representing purge valve oral inlet hardware in the location shown in Figure 1‑25.
Rationale: Z-2 will not include a purge valve oral inlet (4” x 2” footprint), but the Z-3 Suit will. In order to minimize differences between the Z-2 and Z-3 suits, hardware will not be placed in these locations on the Z-2 suit.

Removable Cover Layer
[SII12] The Z-2 suit shall provide a removable cover layer that provides abrasion protection for the restraint layer.
Rationale:  The purpose of the cover layer is to provide protection against abrasion with the environment and with other parts of the suit.  The attachment mechanisms will either be hidden from view or incorporated as a design element to the cover layer.
Note: The cover layer is not required to provide thermal protection.

Tailored Cover Layer

[SII13] The Z-2 suit cover layer shall be tailored to be aesthetically pleasing.
Rationale:  The cover layer may be in one piece or multiple pieces but will have an overall consistent design among the multiple pieces, with a goal of minimizing any impact to overall suit mobility.
1.4.1 Electronics Keep-out Zone Interfaces
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Figure 1‑26: Internal Wiring Keep-out Zones
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Figure 1‑27: Integrated Audio Interfaces Keep-out Zones (General Locations)

Speaker Keep-Out Zone 
[SII14] TheZ-2 suit shall have keep-out zones of 2 inches in diameter and 1 inch deep for each of two speakers located at least 16 inches from the bottom of the hatch as shown in Figure 1‑27.
Rationale: The Z-3 Suit intends to use two speakers that are each 2 inches in diameter and one inch in depth that must be accounted for in the Z-2 suit design to minimize differences between the Z-2 and Z-3 suits.

Speaker Structural Interface

[SII15] The Z-2 suit hatch shall provide four threaded inserts within the Speaker Keep-Out Zone, which will be used bolt/secure speakers to the hatch.
Rationale: These threaded inserts will be used to bolt/fasten speakers to the hatch after delivery
Microphone Keep-out Zone
[SII16] The Z-2 suit shall not place hardware in a 0.5 inch immediately below the helmet neck ring along the lower 180° of the neck ring as shown in Figure 1‑28.
Rationale: The Z-3 suit intends to mount 8 to 16 microphones along the lower half of the helmet bubble neck ring. No other hardware should be located in this area in order to minimize differences between the Z-2 and Z-3 suits
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Figure 1‑28: Microphone Keep-out Zone (General Location)
Microphone Structural Interface

[SII17] The Z-2 suit HUT shall provide three threaded inserts within the Microphone Keep-out Zone, which will be used to bolt/secure the microphones to the HUT.

Rationale: These threaded inserts will be used to bolt/fasten microphones to the HUT after delivery.  These threaded inserts can be located anywhere within the microphone keep-out zone, but ideally would have one located in the center and one at either extreme end of the keep-out zone to prevent movement.
Signal Amplifier Box Keep-out Zone

[SII18] The Z-2 suit signal amplifier box shall have a volume of 1” x 2” x 4” that is mounted inside the pressurize suit volume.
Rationale: Signal amplifier hardware used to amplify biomedical and microphone signals may not be required for the Z-2 suit; however the current Z-3 design requires this hardware.  This amplifier volume therefore needs to be available in the Z-2 suit in order to minimize differences between the Z-2 and Z-3 suits.  Refer to figure
Note: The signal amplifier will convert the biomedical and analog microphone signal in Z-3 into digital to minimize noise in the audio line.  This amplifier therefore should be located as close to the microphones as practical to minimize noise in the analog lines.  Placing this amplifier box in the hatch is acceptable, however placing this amplifier closer to the microphones is desired.

Signal Amplifier Box Structural Interface
[SII19] The Z-2 suit shall provide four threaded inserts within the signal amplifier box Keep-out Zone, which will be used to bolt/secure the signal amplifier box to the hatch.
Rationale: These threaded inserts will be used to bolt/fasten the signal amplifier box to the HUT after delivery.

Internal Cable Routing Keep Out Zone
[SII20] The Z-2 suit shall provide space within the HUT and hatch for internal electrical cable harnesses and connectors shown in Figure 1‑26, Figure 1‑27 and Figure 1‑28.

Rationale: The Z-2 suit internal electrical components and harnesses are not included in this procurement, however space needs to be available to install and route these components after the Z-2 suit has been delivered. 

1.4.2 Hatch Electrical Interface

Hatch Electrical Connector Interface
[SII21] The Z-2 suit shall contain a hole and bolt pattern for a single Bendix/Amphenol (p/n: JT07RE-10-35P or JT07Y-10-35P) hatch electrical connector located at least 16 inches from the bottom of the hatch.
Rationale: The electrical connector needs to be located in the upper portion of the hatch. This is the same connector used on the Mark-III, and will help to increase connector commonality between advanced suits.
1.4.3 Ventilation Interfaces
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Figure 1‑29: Z-2 suit Ventilation Connections (when using an LCVG)
Ventilation Inlet Duct Geometry
[SII22] The Z-2 suit ventilation inlet duct shall use the geometry shown in Figure 1‑30.
Rationale: Z-1 suit testing and CFD work has shown that locating this geometry ventilation inlet in the proper location can provide sufficient CO2 washout for ground testing.
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Figure 1‑30: Ventilation Inlet Duct Geometry
Ventilation Inlet Duct Location

[SII23] The Z-2 suit ventilation inlet duct shall be located in the position defined in Figure 1‑31.
Rationale: Z-1 suit testing and CFD work has shown that locating this geometry ventilation inlet in the proper location can provide sufficient CO2 washout for ground testing.
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Figure 1‑31: Ventilation Inlet Duct Position
Ventilation Inlet Duct Removable and Replaceable
[SII24] The Z-2 suit ventilation inlet duct shall be removable and replaceable.
Rationale: Various ventilations inlet will be evaluated using the Z-2 suit.
LCVG Ventilation Return Functionality
[SII25] The Z-2 suit shall return suit ventilation from an EMU LCVG (MWC), Airlock p/n: 9693 (LCVG side).

Rationale: Several suit evaluations will use an LCVG, which will be connected to JSC Facilities.  The Z-2 suit needs to incorporate a suit side MWC (Airlock p/n: 9694) to connect to the LCVG side MWC (Airlock p/n: 9693).

Ventilation – Return Routing from LCVG MWC to the HUT side Return Seal (Nominal, when using LCVG)

[SII26] The Z-2 suit Ventilation – Return line shall be routed from an existing EMU Multiple Water Connector (MWC), Airlock p/n: 9694 (Suit Side) to the Ventilation – Return Seal interface (HUT side).

Rationale: In order to minimize the number of flexible lines that cross the hinge line, it is assumed that a face seal type of an interface will be used to pass outgoing ventilation from the LCVG back to the PLSS.

Ventilation – Return Seal (HUT Side)

[SII27] The Z-2 suit shall contain Ventilation – Return Seal (HUT side) interface on the HUT located near the Hatch/HUT hinge line and below the crewmember’s neck line as shown in Figure 1‑32.

Rationale: In order to minimize the number of flexible lines that cross the hinge line, a face-type seal interface will be used to pass returning ventilation from the LCVG back to the PLSS.  This seal may also be used as the Suit Ventilation Outlet when using an LCG instead of an LCVG if the HUT Ventilation – Return Seal (HUT Side) is removed.

Note: By placing this seal near the hinge line may aid in alignment with the hatch side seal.  By placing this interface near the bottom of the hatch minimizes excess line routed from the LCVG lines.
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Figure 1‑32: Hatch Ventilation Inlet and Ventilation Outlet Face Seal (General Location)

Ventilation – Return Seal (Hatch Side)

[SII28] The Z-2 suit shall contain a Ventilation – Return Seal (Hatch side) interface on the hatch located near the Hatch/HUT hinge line in a location that causes the Ventilation – Return Seal (Hatch side) to mate with the Ventilation – Return Seal (HUT side) when the Hatch is closed.

Rationale: The HUT and hatch side face seal locations need to connect when the hatch is closed. In order to minimize the number of flexible lines that cross the hinge line, a face-type seal interface will be used to pass outgoing ventilation from the LCVG back to the PLSS.

Ventilation – Return Routing from Return Seal (Hatch Side) to the Hatch Connector 

[SII29] The Z-2 suit Ventilation – Return line shall be routed from the Ventilation – Return Seal (Hatch side) to the hatch Ventilation – Return connector.

Rationale: In order to minimize the number of flexible lines that cross the hinge line, it is assumed that a face seal type of an interface will be used to pass outgoing ventilation from the LCVG back to the PLSS.

Ventilation – Return Seal (HUT Side) is Removable

[SII30] The Z-2 suit Ventilation – Return Seal (HUT side) and HUT ventilation lines shall be removable.

Rationale: When using the LCG, the Ventilation – Return Seal (Hatch side) interface will be used as the suit ventilation outlet, shown in Figure 1‑33, and the Ventilation – Return Seal (HUT side) interface will need to be removable.
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Figure 1‑33: Z-2 suit Ventilation Connections (when using an LCG)
Ventilation – Return Seal (Hatch Side) Anti-Blockage Cage

[SII31] The Z-2 suit Ventilation – Return Seal (Hath side) shall include a removable anti-blockage cage to be used when the Ventilation – Return Seal (Hatch Side) is used as the ventilation return path when using an LCG.

Rationale: A cage needs to be used when this opening is used as the suit ventilation return path to prevent the LCG or anything else from restricting this return airflow.
1.4.4 Cooling Fluid Interfaces
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Figure 1‑34: Z-2 suit Internal Cooling Fluid Routing

(Note:  LCVG and LCG will not be used at the same time) 
Primary Cooling Fluid Line – Supply Routing to MWC
[SII32] The Z-2 suit primary cooling fluid line – In shall be routed from the hatch primary cooling fluid-supply connector, across the hatch hinge to an EMU Multiple Water Connector (MWC), Airlock p/n: 9694 (Suit Side).
Rationale: The Z-2 suit will nominally use existing EMU LCVGs for ventilation and cooling.

Note: This routing needs to remain attached and functioning both while the hatch is closed and when the hatch is translated 4 inches aft and rotated 90 degrees open.  The stowage and management of these lines during hatch opening and closing operations may be challenging.

Primary Cooling Fluid Line – Return Routing from MWC
[SII33] The Z-2 suit primary cooling fluid line – Return shall be routed from the EMU Multiple Water Connectors (MWC), Airlock p/n: 9694 (Suit Side) across the hatch hinge line to the hatch primary Cooling Fluid – Return connector.
Rationale: The Z-2 suit will nominally use existing EMU LCVGs for ventilation and cooling.

Note: This routing needs to remain attached both while the hatch is closed and when the hatch is translated 4 inches aft and rotated 90 degrees open.  The stowage and management of these lines during hatch opening and closing operations may be challenging.

Primary Cooling Fluid Lines (Supply and Return) Routing with Hatch Translation
[SII34] The Z-2 suit primary cooling fluid lines (Supply and Return) shall account for an additional 4 inches of hatch translation for when an translate/rotate hinge design (translate 4 inches prior to rotating) is used.

Rationale: The Z-2 suit will evaluate a hinge that translates 4 inches and rotates to an opening of 90° for use with a suitport.  

Auxiliary Cooling Fluid Line – Supply Routing to LCG
[SII35] The Z-2 suit auxiliary cooling line – Supply shall be routed from the hatch Auxiliary Cooling Fluid –Supply connector across the hatch hinge to the LCG Connector (Colder Product Company (CPC) PLC series (or LC Series) valved 1/4” coupling quick disconnect connector).

Rationale: The Z-2 suit will not concurrently use both primary and auxiliary cooling lines during any test, but the Z-3 suit will need to have primary and auxiliary lines connected during nominal operations.  To minimize differences between Z-2 and Z-3, the Z-2 design should account for routing both the primary and auxiliary cooling supply and return lines from the hatch connectors across the HUT/hinge line to the LCVG/LCG.

Notes: 

· The Z-2 suit will use an LCVG for some evaluations, while other evaluations will use of an LCG.  The MWC will be used for primary cooling and ventilation return when using an LCVG (example: Vacuum Chamber evaluations). A set of CPC connectors will be used to supply primary cooling to the crewmember when using an LCG (example: B34 evaluations).

· The cooling fluid line length and routing scheme needs to account for both a Suitport hinge that has 4” of linear translation in addition to rotating, as well as use with a standard set of hinges.  

Auxiliary Cooling Fluid Line – Return Routing from LCG
[SII36] The Z-2 suit auxiliary cooling line – Return shall be routed from the LCG Connector (Colder Product Company (CPC) PLC series (or LC Series) valved 1/4” coupling quick disconnect connector), across the hatch/ hinge line, to the hatch Auxiliary Cooling Fluid –Return connector.
Rationale: The Z-2 suit will not concurrently use both primary and auxiliary cooling lines during any test, but the Z-3 suit will need to have primary and auxiliary lines connected during nominal operations.  To minimize differences between Z-2 and Z-3, the Z-2 design should account for routing both the primary and auxiliary cooling supply and return lines from the hatch connectors across the HUT/hinge line to the LCVG/LCG.

Notes: 

· The Z-2 suit will use an LCVG for some evaluations, while other evaluations will use of an LCG.  The MWC will be used for primary cooling and ventilation return when using an LCVG (example: Vacuum Chamber evaluations). A set of CPC connectors will be used to supply primary cooling to the crewmember when using an LCG (example: B34 evaluations).

· The cooling fluid line length and routing scheme needs to account for both a Suitport hinge that has 4” of linear translation prior to rotating, as well as use with a standard set of hinges.
Auxiliary Cooling Fluid Lines (Supply and Return) Routing with Hatch Translation 
[SII37] The Z-2 suit auxiliary cooling fluid lines (Supply and Return) shall account for an additional 4 inches of hatch translation for when an translate/rotate hinge design (translate 4 inches prior to rotating) is used.
Rationale: The Z-2 suit will evaluate a hinge that translates 4 inches and rotates to an opening of 90° for use with a suitport.  

Cooling Fluid Line Material

[SII38] All Z-2 suit primary and auxiliary cooling lines shall use 0.375 inch I.D.,  28% Ethyl Vinyl Acetate (EVA) Cross Linked Millenium (UE634-04) with a minimum pressure rating of 22 psid.
Rationale: EVA tubing is required to minimize off-gassing and contaminants in the cooling fluid systems.

Note: Irradiated EVA tubing is currently used in the EMU, and is desired, but not required the Z-2 suit. The current supplier of EVA tubing for the EMU is Thermoplastic Processes, Inc.

Cooling Fluid Leakage

[SII39] The suit shall have a cooling water leakage of less than 0.61 cc/hr at 20psid.

Rationale: Excess leakage could curtail EVA operations.  Given Apollo requirement of 0.58 cc/hour and EMU LCVG spec of 0.15 cc/hour per connector, 0.61 cc/hr is appropriate.  This equates to roughly 1 teaspoon per 8-hour EVA.  This is the leakage excluding the LCVG.

1.5 Suit Exterior Interfaces

1.5.1 Hatch Ventilation and Cooling Fluid Connector Interfaces
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Figure 1‑35: General Location of Hatch Pass-through Connectors

Hatch Ventilation – Supply Connector

[SEI1] The Z-2 suit hatch shall use a three tabbed, valved, Apollo style supply gas connector, which will be provided as Government Furnished Equipment (GFE).
Rationale: JSC Facilities typically supply suit ventilation using male Apollo Connectors (Airlock p/n: 4247), which connect to Apollo style supply gas connector (Airlock p/n: 9358-03).

Hatch Ventilation – Supply Connector Location

[SEI2] The Z-2 suit hatch Ventilation – Supply Connector shall be located at least 21 inches above the bottom of the hatch, as shown in the examples in Figure 1‑35.
Rationale: This connector needs to be located above the attachments for the PAB and Ideally is centered at the top of the hatch to minimize internal suit routing from this pass-through to the Suit ventilation inlet duct.
Hatch Ventilation – Return Connector

[SEI3] The Z-2 suit hatch shall use a three tabbed, valved, Apollo style return gas connector, which will be provided as GFE.
Rationale: JSC Facilities typically return suit ventilation using male Apollo Connectors (Airlock p/n 4247), which connect to Apollo style return gas connector (Airlock p/n: 9358-04).

Hatch Ventilation – Return Connector Location

[SEI4] The Z-2 suit hatch Ventilation – return Connector shall be located at least 21 inches above the bottom of the hatch, as shown in the example in Figure 1‑35.

Hatch Cooling Fluid Bulkhead Connector Pass-through

[SEI5] The Z-2 suit hatch shall pass all fluid connections (primary and auxiliary) through a single bulkhead connector.
Rationale: All hatch fluid connectors (Primary Cooling Fluid – Supply, Primary Cooling Fluid –Return, Auxiliary Cooling Fluid – Supply, Auxiliary Cooling Fluid – Return) need to be located in a single bulkhead connector that is easily replaceable.  An example of this configuration is shown in Figure 1‑36.
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Figure 1‑36: Example of Cooling Fluid Bulkhead Connector
Hatch Cooling Fluid Bulkhead Connector Pass-through Bolt Pattern

[SEI6] The Z-2 suit hatch Cooling Fluid bulkhead connector pass-through shall use opening size and bolt pattern shown in Figure 1‑37.

Rationale: Commonality between the ventilation and cooling fluid pass-through holes and bolt patterns in the hatch are desired.  By using the same bolt pattern used on previous EVA development suits (bolt hole pattern for the Apollo Connector – Airlock p/n: 9358-03) allows reuse of existing cooling fluid bulkhead connectors.  Figure 1‑38 shows the dimensions of the existing Mark-III Water In/Out Adapter Plate that can also be used with this Z-2 suit hatch cooling fluid bulkhead connector pass-through. Note that the current Mark-III Water In/Out Adapter Plate used a gasket between the hatch and the connector (not shown).
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Figure 1‑37: Hatch Cooling Fluid Bulkhead Connector Pass-through Bolt Pattern
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Figure 1‑38: Existing Mark-III Water In/Out Adapter Plate

Hatch Cooling Fluid Bulkhead Connector Pass-through Location

[SEI7] The Z-2 suit hatch Cooling Fluid bulkhead connector pass-through shall be located at least 21 inches above the bottom of the hatch, as shown in the examples in Figure 1‑35.
Hatch Primary Cooling Fluid – Supply Connector

[SEI8] The Z-2 suit hatch bulkhead connector shall provide a Colder Product Company (CPC) PLC series (or LC Series) valved 1/4” coupling quick disconnect connector for use as the Hatch Primary Cooling Fluid – Supply Connector.
Rationale: These hatch bulkhead inlet and outlet cooling fluid connections need to be able to function in the NBL, Vacuum Chamber and B34 evaluations.

Hatch Primary Cooling Fluid – Return Connector

[SEI9] The Z-2 suit hatch shall provide a Colder Product Company (CPC) PLC series (or LC Series) valved 1/4” coupling quick disconnect connector for the Hatch Primary Cooling Fluid – Return Connector.
Rationale: These hatch bulkhead supply and return cooling fluid connections need to be able to function in the NBL, Vacuum Chamber and B34 evaluations.

Hatch Auxiliary Cooling Fluid – Supply Connector

[SEI10] The Z-2 suit hatch shall provide a Colder Product Company (CPC) PLC series (or LC Series) valved 1/4” coupling quick disconnect connector for the Hatch Auxiliary Cooling Fluid – Supply Connector.
Note: The auxiliary fluid lines are dimensionally identical to the primary cooling fluid lines and will be connected to a second set of fluid lines in the Z-3 LCVG.  Z-2 will not use both the primary and auxiliary cooling lines at the same time, but these pass-throughs and routing need to be included in Z-2 in order to minimize differences between the Z-2 and Z-3 suits.

Hatch Auxiliary Cooling Fluid – Return Connector

[SEI11] The Z-2 suit hatch shall provide a Colder Product Company (CPC) PLC series (or LC Series) valved 1/4” coupling quick disconnect connector for the Hatch Auxiliary Cooling Fluid – return Connector.
Note: The auxiliary fluid lines are dimensionally identical to the primary cooling fluid lines and will be connected to a second set of fluid lines in the Z-3 LCVG.  Z-2 will not use both the primary and auxiliary cooling lines at the same time, but these pass-throughs and routing need to be included in Z-2 in order to minimize differences between the Z-2 and Z-3 suits.

1.5.2 Control and Display Keep-out Zones

Critical Controls and Display Keep-out Zone
[SEI12] The Z-2 suit shall not locate any hardware on the suit exterior in the Critical Display and Controls Keep-out zone shown in Figure 1‑39.
Rationale: The display and controls needs to be located in the crew’s field of view, while minimizing the amount that the display obstructs the view of the crew’s downward visibility. The amount of external hardware located on the HUT chest region should be minimized to maximize downward visibility. 
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Note: Keep Out Zone extends horizontally all the way to the
shoulder bearings, and vertically based on the distances given
away from the neck ring and waist disconnect.




Figure 1‑39: Critical Controls and Display Keep-out Zone
Goal – Minimize the Amount of External Hardware Located on the Chest

[SEI13] The Z-2 suit should minimize the amount of external hardware located on the HUT chest region. 

Rationale: The downward visibility of this suit needs to be maximized.
1.5.3 Suitport Interface Plate (SIP) Interfaces

Description: The Suitport Interface Plate (SIP) is used in place of an airlock for EVAs by forming a pressure seal between the suit and the vehicle. The SIP would not be used during Airlock EVAs, therefore the design of this Suit to SIP interface needs to ensure the SIP is removable to allow for the potential of conducting airlock EVAs without the SIP.

Removable and Replaceable SIP

[SEI14] The Z-2 suit connection to the Suitport Interface Plate (SIP) shall be removable by ground technicians without disassembly of any pressure garment components or with the exception of quick disconnections.

Rationale: The Z-2 suit needs to be operated with and without the SIP; therefore this interface should be designed such that the SIP can be easily removed by ground technicians. 

Thermally Insulate SIP

[SEI15] The Z-2 suit shall thermally insulate the SIP from the rest of the Z-2 suit.

Rationale:  The SIP needs to be thermally insulated from the rest of the Z-2 suit by either materials selection of the SIP, its mounting system, or covers/coatings to minimize heat transfer in and out of the suit.  This does not mean MLI or additional insulation needs to be placed on the SIP or on the Suit-to-SIP interface.

Suitport Loads

[SEI16] The Z-2 suit SIP shall support 620 lbs at a vehicle pressure of 8.3 psid.
Rationale: The SIP needs to be able to support the weight of a crewmember (maximum 250 lbs.) plus the weight of the Z-2 suit (maximum 170lbs.), plus the weight of the PLSS (maximum 200 lbs.).
SIP Geometry

[SEI17] The Z-2 suit shall provide and employ the use of a SIP for the 2A’ Pneumatic Flipper Suitport that implements the features and keep out zones defined on drawing number CA2B11900 rev A.
Rationale: The geometry of the SIP must be defined to ensure a working interface with the suitport.  Note that the 0.005 flatness spec in drawing CA2B11900 Rev A is only required in the keep-out zone areas, and elsewhere a flatness of 0.065 is allowed.

SIP Keep-Out Zones

[[SEI18] The Z-2 suit shall provide and employ the use of a suitport interface plate that meets the keep out zones denoted “CLAMP KEEP OUT ZONES” and “SEAL KEEP OUT ZONE” per drawing number CA2B11900 rev A.

Rationale: It is desirable not to preclude the retro-fitting of the suit with alternative SIP designs.  This keep-out zone corresponds to such an alternative that may be revisited in the future.
SIP Deflection

[SEI19]  The suit shall have a SIP/suitport differential deflection of less than 0.020” when integrated with the suitport and pressurized to 8.3 psid.          

Rationale: Various loads are induced by the suitport, suit, PLSS, and crewmember that could impair an optimal SIP/suitport interface or suit function.  Requirements such as SIP flatness, for example, must be maintained to ensure an adequate seal and function of suitport and hatch locking mechanisms.  This requirement, in conjunction with requirements maintaining proper hatch latch function at 8.3 psid, may drive aspects of the SIP, hatch, or hatch locking mechanism design such as thickness and material selection, among others.

SIP-to-Suit Seal

[SEI20] The Z-2 suit SIP shall have a seal at the suit-to-SIP interface.

Rationale: This interface needs to maintain an 8.3 psid when the suit is attached to the SIP during suitport testing.  In this configuration the pressure of the suit interior and the suitport vestibule will be 8.3 psi greater than the suit exterior.

Note: The suit-to-SIP interface follows the inter-opening of the SIP, where it comes into contact with the suit, as shown in Figure 1‑40.
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Figure 1‑40: Suit-to-SIP interface

1.5.4 Portable Air Backpack Interface

Portable Air Backpack Interface

[SEI21] The Z-2 suit shall use the existing JSC B34 Advanced Suit portable air backpack (PAB) bolt hole pattern defined in Figure 1‑41.

Rationale:  This is currently accomplished via four bosses on the posterior of the suit hatch.  This bolt pattern is identical to the Mark-III and the Z-1 suits, and was selected to increase commonality between JSC B34 Advanced suits.
Note: The holes are 6 inches to the left and right of the center of the hatch, and 7 51/64” above and below the center of the hatch.
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Figure 1‑41: Portable Air Backpack Hole Pattern
Portable Air Backpack Interface Loading

[SEI22] The Z-2 suit portable air backpack interface shall support the weight of an 80 lbs. Portable Air Backpack.

Rationale:  The structure associated with the 4 bolt hole pattern needs to be capable of supporting the weight of the PAB.

1.5.5 Tool Interfaces

Safety Tether Point Locations
[SEI23] The Z-2 suit shall include at least 2 safety tether points accessible by a pressurized crewmember, in the locations shown in Figure 1‑42.
Rationale:  The suit needs to integrate two safety tethers into the suit.  It is assumed that each safety tether points will be located on either side of the suit near the waist region, similar to the EMU.

Note: Each safety tether point needs to be large enough to interface with two safety tethers at the same time.
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Figure 1‑42: Safety Tether Point Locations (General Location)
Safety Tether Point Loads
[SEI24] The Z-2 suit safety tether points shall withstand a static load of 585 lbs applied in any direction away from the suit.
Rationale:  This tether point will serve as a safety attachment point for suited crewmembers during extra-vehicular activities. This load requirement is derived directly from the corresponding EMU requirement. This load requirement includes a 1.5 factor of safety (585 lbs = 390 lbs normal load x 1.5 factor of safety). Reference Document: LTA S/AD Part II 0104-110104, Design Note 38.0. The EMU tether bracket is ILC p/n: 0104-26316.

Safety Tether Point Geometry

[SEI25] The Z-2 suit safety tether points shall have the general dimensions shown in Figure 1‑43 and be able to hold two safety tethers..

Rationale: This safety tether point needs to be designed such that two safety tether hooks can attach to each safety tether point located on the Z-2 suit.
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Tool Harness Attachment Points

[SEI26] The Z-2 suit shall include two hard tool harness attachment points on the HUT.

Rationale:  NEEMO testing has suggested having a reconfigurable tool harness located on the front of a suit can be useful for microgravity operations.  These attachment points need to be hard mounted (not cloth straps and not mounted on the TMG).

Note: These attachment points may also be used as structural support or fall protection attachment points on Z-3.

Goal – Tool Harness Attachment Point Locations
[SEI27] The Z-2 suit tool harness attachment points should be located in the general location shown in Figure 1‑44.

Rationale:  It is assumed that the tool harness attachment points will be located on either side of the suit to allow a tool harness (to be designed after Z-2 suit delivery) to be located on the front of the suit, with two additional connections to the safety tether points.

Notes: 
· These harness attachment points need to be usable with or without a SIP attached.

· The tool attachment point requirement could potentially be satisfied by using the chamber weight relief attachments, if located in the same location. 
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Figure 1‑44: Tool Harness Attach Point (General Location)
Square Boss Interface

[SEI28] The Z-2 suit shall contain a square boss interface (Airlock p/n: 9786) located in the general location shown in Figure 1‑45.

Rationale:  This interface will serve as both an attachment point for an existing Body Restraint Tether (BRT) (p/n: SEG33110400-308 and -309), and as a temporary stabilization point for the Z-2 pigtail connector.  This attachment point is assumed to be slightly off centered from the centerline of the HUT chest, and must not interfere with shoulder mobility when a Body Restraint Tether (BRT) (p/n: SEG33110400-308 and -309), is installed.
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Figure 1‑45: Square Boss Interface Location (General Location)
Square Boss Interface Loads
[SEI29] The Z-2 suit square boss interface shall withstand a static load of 75 lbs applied from any direction and a 300 in-lb moment.
Rationale:  This square boss is designed to support loads from the Body Restraint Tether. This is the load requirement for the EMU. Reference Document: CTSD-SS-1401 (Certification and Acceptance Requirements Document for Body Restraint Tether, p/n: SEG33110400-309).  This torsion load will not be applied at the same time as the 75 Ib tension load.
Square Boss Interface Location – Mobility Concern

[SEI30] The location of the Z-2 suit Square Boss Interface shall not interfere with shoulder mobility.
Rationale:  This attachment location must not interfere with shoulder mobility.
Square Boss Interface Location – Mobility Concern with BRT

[SEI31] The location of the Z-2 suit Square Boss Interface with a BRT attached shall not interfere with shoulder mobility.
Rationale:  This attachment location must not interfere with shoulder mobility when a Body Restraint Tether (BRT) (p/n: SEG33110400-308 and -309) is installed.
Goal – Square Boss Interface Location –Visibility Concern

[SEI32] The location of the Z-2 suit Square Boss Interface should minimize the crewmember’s downward visibility.

1.5.6 Suit Side Structural Interface

The weight of the Z-2 suit and a crewmember (along with the weight of the PLSS and tools in some cases) will need to be supported when attached to various donning stands or weight relief systems.  To support these loads, the Z-2 suit needs to have one or more structural interfaces capable of supporting each unique loading condition.  Ideally the Z-2 suit would have a single suit side structural interface used for all donning stand and weight relief systems listed in requirement SEI32.  In the event that unique suit side interfaces are used for each donning stand or weight relief system, the loads for each configuration are listed in requirement SEI34.
Suit Side Structural Interface is Compatible with Multiple Systems

[SEI33] The Z-2 suit shall provide one or more suit side structural interfaces that interface with the NBL Donning Stand, ARGOS, Vacuum Chambers, and Z-2 Donning Stand in both SIP and No-SIP suit configurations.

Rationale: The Z-2 suit needs to be able to be attached to the existing NBL donning stand and allow for rear-entry donning.  This may be accomplished by using the two existing NBL PLSS Mockup MMU Striker Plate Mounts (p/n:  SV771392-1) at the NBL PLSS Mockup MMU Suitport-to-Donning/Doffing Stand (DDS) interface or by creating a new adapter plate to interface with the NBL DDS.

The Z-2 suit needs to be able to be attached to an ARGOS gimbal structure after the Z-2 suit has egressed the donning stand. For the ARGOS system, the ideal interface location on the suit is at the suited crewmembers center of gravity.

The Z-2 suit needs to be able to be attached to the JSC Vacuum Chamber weight relief system while maintaining the ability for the crewmember to don/doff the suit.
Goal – Single Suit Side Structural Interface
[SEI34] The Z-2 suit suit-side structural interface should provide a single universal attachment that can be used for all donning stand and weight relief systems identified in requirement SEI32.
Rationale: A single structural interface will minimize the number of hardware interfaces on the exterior of the Z-2 suit. Each additional interface would potentially increase the overall suit mass and the number of snag hazards.
Suit Side Structural Interface(s) Loads
[SEI35] The Z-2 suit suit-side structural interface(s) shall support the loading conditions required for attachment to the corresponding donning stand or weight relief systems shown in Table 1‑8.

Table 1‑8: Suit Side Structural Interface(s) Loads
	Donning Stand/Weight Relief System Configurations
	Items included in Each Configuration
	Maximum Load (lbs.)

	
	Suit

(170lbs.)
	Crew

(250 lbs.)
	PLSS

(200 lbs.)
	PAB

(80 lbs.)
	PLSS Mock-up

(45 lbs.)
	Tools

(15 lbs.)
	

	NBL Donning Stand
	X
	X
	
	
	X
	X
	480 lbs.

	Z-2 Donning Stand
	X
	X
	
	X
	
	
	500 lbs.

	Reduced Gravity Flight Donning Stand
	X
	X
	
	
	X
	
	930 lbs.*

	ARGOS Weight Relief
	X
	X
	X
	
	
	X
	952 Ibs.**

	Vacuum Chamber Weight Relief
	X
	X
	
	
	
	
	420 lbs.


* Reduced Gravity configuration assumes 2G condition as worst case
** ARGOS configuration assumes an additional 1.5 FOS for dynamic load analysis
Goal – NBL Donning/Doffing Stand Interface Tool Access

[SEI36] The Z-2 suit interface with the NBL Donning/Doffing Stand should not create an interference with the attachment of a BRT (p/n: SEG33110400-308 and -309).
Rationale: The crewmember will have simulated EVA tasks while in the NBL which may require a BRT.  NBL tools are normally attached to the EMU while still attached to the NBL donning stand.
1.6 External Interfaces

Stowed Volume

[EIF1] The stowed configuration of the Z-2 suit shall be able to fit within a Pressurized Logistic Carrier having a volume of 35.3” x 52.5” x 21.0”.

Rationale:  This volume is taken from SSP 50835, ISS Pressurized Volume Hardware Common Interface Requirements Document, Section 3.1.7, Cargo Dimensions and defines cargo dimensions based on various launch vehicles including the H-II Transfer Vehicle (HTV), and SpaceX Dragon. 

1.6.1 Environments

Oxygen Compatible, Flammability and Off-Gassing
[EIF2] The Z-2 suit shall conform to oxygen, flammability, and offgassing compatibility requirements as specified in NASA-STD-6001B.

The Z-2 suit nonmetallic materials that are exposed to vacuum shall be tested using the technique of ASTM-E595, Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment, Standard Test Method for, with acceptance criteria of ≤0.1 percent Collected Volatile Condensable Materials (CVCM) and ≤1.0 percent Total Mass Loss (TML) less Water Vapor Recovery (WVR).    

Rationale:  The document NASA-STD-6001B is the appropriate reference for oxygen compatibility, flammability, and offgassing.  ASTM E595 is the appropriate test to evaluate outgassing as specified in NASA-STD-6016. The contractor must meet all aspects of NASA-STD-6001B, including the required oxygen compatibility assessment.
Shock Hazard – Low Voltage Exposure
[EIF3] The suit shall limit the EVA crewmember’s electrical exposure to 0.1 mA or less when exposed to a 160V DC or AC RMS voltage source across any two metallic components.

Rationale: The EMU had no shock protection requirements, which resulted in development and flight of several pieces of hardware on ISS to mitigate the risk.  For future EVA missions it is desirable for the suit to mitigate any shock hazards from the vehicle and/or environment.  160V corresponds to the ISS power supply voltage; 0.1 mA is considered a safe number in a worse case exposure event across the chest. For comparison purposes, the startle reaction threshold is approximately 0.5-2.0 mA depending on frequency. More information related to shock hazards can be found in CTSD-ADV-1008, Shock Hazards during EVAs, Shane McFarland, 2012. 
Shock Hazard – High Voltage Exposure
[EIF4] The suit shall limit the EVA crewmember’s electrical exposure to 1.0 mA or less when exposed to a 600V DC or AC RMS voltage source across any two metallic components.

Rationale: The EMU had no shock protection requirements, which translated into development and flight of several pieces of hardware on ISS to mitigate the risk.  For future EVA missions it is desirable for the suit to mitigate any shock hazards from the vehicle and/or environment.  600V corresponds to practical upper limit of the power supply voltage of future surface assets such as habitats or rovers; 1.0 mA is considered a relatively safe number in a worse case exposure event across the chest considering the lower risk of exposure as compared to ISS power supply voltage. For comparison purposes, the startle reaction threshold is approximately 0.5-2.0 mA depending on frequency.  More information related to shock hazards can be found in CTSD-ADV-1008, Shock Hazards during EVAs, Shane McFarland, 2012.
Goal - Meet Launch Loads

[EIF5] The Z-2 suit in a stowed configuration should be able to meet launch loads environments defined in SSP 50835 ISS Pressurized Volume Hardware Common Interface Requirements Document, Sections 3.1.1.

Rationale:  SSP 50835, Section 3.1.1 defines generic launch and landing loads based on various launch vehicles including the Progress, Soyuz, Shuttle, ATV, HTV, and SpaceX Dragon.
Note: The Z-2 suit will not be subjected to launch loads, however these loads should kept be in mind when designing the Z-2 suit to minimize differences between the Z-2 and Z-3 suits. 
1.6.1.1 Neutral Buoyancy Laboratory (NBL) Interfaces
NBL Compatible Materials (Exterior of the Suit)
[EIF6] The Z-2 suit shall be constructed of materials that are designed to withstand the following environmental conditions with no detrimental effects:

a. A total submersed condition in water that contains a range of 1.5 to 3.5 parts per million of free chlorine

b. Ambient temperature range: +82° F (27.8° C) to +88° F (31.1° C) 

Rationale:  Materials need to be specifically designed for operation in the JSC NBL environment.  The chlorine and temperature requirements are taken from DX12-SLP-014, NBL Mockup and Training Hardware Requirements, Section 4.2.2 Environmental Considerations.

Only materials defined in DX12-SLP-014, NBL Mockup and Training Hardware Requirements, have been approved for use in the NBL. Materials not listed or designated as “restricted usage” can be used only after submitting rationale and obtaining prior approval from the NBL Chief Engineer. Rationale for use of “restricted usage” materials shall be based on factors such as: why unrestricted materials are not applicable, corrosion resistance, limited mockup life requirement, and limited pool water exposure time.

Goal - Avoid Using Dissimilar Materials (Exterior of the Suit)
[EIF7] The Z-2 suit should avoid using dissimilar metals.

Rationale: If dissimilar metals are required, the use of MIL-STD-889 will be referenced for guidance in designing the assembly, per DX12-SLP-014, NBL Mockup and Training Hardware Requirements. Where dissimilar metals are used:1) avoid the unfavorable effects of a small anode and a large cathode, 2) insulate between significantly dissimilar metals wherever practical; and 3) avoid threaded connections of dissimilar metals.

1.7 Donning Stand

Donning Stand
[DS1] The Z-2 suit shall be delivered with a donning stand that can support 620 lbs.
Rationale: The Z-2 Donning stand needs to be able to support the weight of the Z-2 suit (170 lbs.) plus a 250 lbs. crew member, plus the weight of a 200 lbs. PLSS.

Donning Stand can be transported by Two Individuals

[DS2] The Z-2 suit donning stand shall be transportable by a maximum of 2 individuals.
Rationale: The Z-2 Donning stand needs to be easily relocated by no more than 2 people since a minimum of two suit technicians will be used to support the suit.

Donning Stand to Include Casters
[DS3] The Z-2 suit donning stand shall use casters as a means of transportability, which can be raised or removed to provide non-rolling, stable contact to the floor.

Rationale: Casters provide an easy means of relocating the stand without the need to lift the stand.

Donning Stand Volume
[[DS4] The Z-2 suit donning stand shall be able to be moved through a standard 30 inch wide and 80 inch high door.
Rationale: The stand will be used in a variety of locations which only provide access through doorways.

Donning Stand Height Adjustment

[DS5] The Z-2 suit donning stand shall be height adjustable without tools while the suit is docked in the stand.

Rationale: Suit sizing can create a gap between the base of the stand and the boot soles of the suit for all crewmember sizes defined in Table 1‑3. The stand needs to be height adjustable to eliminate this gap.
Goal – Donning Stand Height Adjustment by One Person

[DS6] The Z-2 suit donning stand should be height adjustable by a suited crewmember while docked in the stand.

Rationale: Suit fit checks or other suited activities may require the suited crewmember to readjust the height of the stand to assist in the suit sizing process or to accommodate a crewmembers donning stand height preference. 

Donning Stand Reduced Gravity Flight Take-off and Landing Loads
[DS7] The Z-2 suit donning stand shall withstand the following g-loads with a factor of safety of 2 for reduced gravity flight takeoff and landing configurations:

· Forward 9-g’s

· Aft 3-g’s

· Down 6-g’s

· Lateral 2-g’s

· Up 2-g’s

Rationale: The Z-2 suit will be stowed separately during take-off and landing for RGO flights. Load vectors are to be applied at accurate centers of gravity and material yield strengths are to be used as the maximum allowable. RGO requirements are listed in AOD 33896, AOD 33897, AOD 33912, and ZGC ICD.

Donning Stand Reduced Gravity Flight In-flight Loads 

[DS8] The Z-2 suit donning stand shall withstand a 2-g load with a factor of safety of 2 for in flight parabolic load cases with a 620 lbs. suit system (weight of the Z-2 suit (170 lbs.) plus a 250 lbs. crew member, plus the weight of a 200 lbs. PLSS).

Rationale: During a RGO flight, there may be tasks which involve the suited crewmember to be docked to the stand during parabolic flight, such as reduced gravity donning/doffing. RGO requirements are listed in AOD 33896, AOD 33897, AOD 33912, and ZGC ICD.

Donning Stand Reduced Gravity Size Requirement
[DS9] The Z-2 suit donning stand, with suit installed in a standing position shall fit within the reduced gravity plane, shown in Figure 1‑46 with at least an inch of clearance between the plane ceiling and the highest point of the suit-docked-in-stand configuration.

Rationale: The Z-2 Donning will be used for RGO flights. RGO requirements are listed in AOD 33896, AOD 33897, AOD 33912, and ZGC ICD.
[image: image50.emf]
Figure 1‑46: C-9 Reduced Gravity Aircraft Interior Configuration
Donning Stand Reduced Gravity Plane Floor Attachment
[DS10] The Z-2 suit donning stand shall allow for attachment of the stand to the Reduced Gravity plane floor using AN-6 steel bolts (3/8” diameter, ½” to 4” length) by providing a minimum of four attachment points, not in a straight line, using 7/16” bolt holes centered on a 20 inch ± 0.05 inch square pattern.

Rationale: The Z-2 Donning will be used for RGO flights and must be able to be bolted to the plane floor (configuration shown in Figure 1‑47). RGO requirements are listed in AOD 33896, AOD 33897, AOD 33912, and ZGC ICD.

[image: image51.emf]
Figure 1‑47: C-9 Reduced Gravity Aircraft Floor Attachment Layout
Donning Stand Reduced Gravity Plane Bolt Stress
[DS11] The Z-2 suit donning stand reduced gravity plane floor attachment bolts shall not exceed an allowable load of 2125 lbs. in tension and 2500 lbs. in shear for each attachment point with a factor of safety of 2.0.

Rationale: RGO requirements are listed in AOD 33896, AOD 33897, AOD 33912, and ZGC ICD.

Donning Stand Access to the Suit for Resizing
[DS 12] The Z-2 suit donning stand shall allow access to the suit for resizing, removal of suit components (limited to helmet, gloves, boots, shoulders, arms and legs. 

Rationale: This is needed to support quick, easy, and efficient process. 

Donning Stand Donning/Doffing
[DS13] The Z-2 suit donning stand shall allow for don/doff of the crewmember into the suit.

Rationale: The Z-2 Donning stand must not interfere with crewmembers ability to self don/doff the suit.
Goal – Donning Stand Donning/Doffing Aids
[DS14] The Z-2 donning stand should incorporate self don/doff aids as needed by the crewmember.
Rationale: During self donning/doffing, the crewmember may require areas on the stand to grab, pull or push on to assist them in getting in or out of the suit. Examples of aids are a pull-up bar above the hatch area, a dip bar near or on the seat, and a step or stool near the feet.

Donning Stand Suited Softdock
[DS15] The Z-2 suit donning stand shall allow self ingress/egress of the suited crewmember to the stand, which includes a soft-dock mechanism.

Rationale: The soft-dock mechanism provides the initial interface of the suit to the stand. It should provide feedback to the crewmember that they have docked to the stand or have undocked from the stand.

Donning Stand Suited Locking Mechanism
[DS16] The Z-2 suit donning stand shall have a locking mechanism once the suit is soft-docked.

Rationale: Once the locking mechanism is actuated it should provide complete stability of the suit to the stand and not allow for disengagement from the stand.

Goal – Donning Stand Suited Locking Mechanism Actuated by Crewmember
[DS17] The Z-2 suit donning stand locking mechanism should be able to be actuated by the suited crewmember.

Rationale: For complete self ingress/egress operations, the suited crewmember would need to be able to actuate the donning stand locking mechanism

Donning Stand Stability
[DS18] The Z-2 suit donning stand shall not tip during use.
Rationale: The Z-2 Donning stand needs to be stable to allow suit donning and doffing without leaning or tipping. The donning stand must not tip when a suited subject puts their entire suited weight on the stand.  It must also allow ingress and egress to the stand without leaning or tipping.

Donning Stand Sharp Edges
[DS19] The edges of all Z-2 Donning stand hardware shall have a minimum of 0.010 inch (0.25 cm) radius.

Rationale: All external edges and corners of parts of the Z-2 Donning stand need to be rounded or smooth to present injury to personnel handling the equipment or damage suit components.

Donning Stand allows 90° Hatch Opening 
[DS20] The Z-2 suit donning stand shall allow the suit hatch to open at least 90° with the PAB attached.

Rationale: This is the minimum angle the hatch must be opened to allow crewmember donning/doffing. 

Note: The PAB is assumed to be 9 inches deep from the mounting bosses, with the same height and width as the PLSS mock-up shown in Figure 2‑1.

GOAL – Adjustable angle 
[DS21] The forward tilt from vertical angle to the suit hatch plane provided by the Z-2 Donning Stand interface with the suit should be adjustable through a range of 10° to 25° from vertical in 5 degree increments.

Rationale: Being able to change the angle at which the suit hatch plane is tilted forward could result in easier donning/doffing configurations

Donning Stand Seat
[DS22] The Z-2 suit donning stand shall incorporate a seat which is located for use at the bottom of the suit hatch.

Rationale: The Z-2 Donning stand needs to provide a platform for the crewmember to partially ingress/egress the suit while performing other tasks such as harness adjustment and connection of cooling lines.

Goal – Donning Stand Stairs

[DS23] The Z-2 suit donning stand should incorporate stairs up to the donning stand seat.

Rationale: There should be a means for the crewmember to easily and safely get up to and down from the donning stand seat.

Donning Stand Suit Umbilical Interface
[DS24] The Z-2 suit donning stand shall allow for the suit to interface to suit umbilical lines (air, communications and cooling fluids) while the suit is docked to the stand and while the suited crewmember ingresses/egresses the stand.

Rationale:  GSE is needed to perform pressurized testing. Also the suited crewmember will need to perform tasks away from the stand and cannot be constrained to the stand through tangled umbilicals, etc. 

Donning Stand Interface Loading FOS
[DS25] The Z-2 suit donning stand shall provide an interface to the suit which can support suit donning/doffing load cases with a factor of safety of 1.5 from yield and 2 from ultimate.

Rationale: A variety of load cases and directions can occur at the suit to stand interface during donning/doffing of the suit which could create large moments on the interface. This could include the crewmember grabbing the top of the hatch or SIP and hanging with their entire weight from this point.

NOTE: The square boss on the front of the suit may be used as a potential interface point. 

Donning Stand Prevents Residue from Coming into Contact with the Z-2 Suit
[DS26] The Z-2 suit donning stand shall prevent contaminants (e.g. lubricants, hydraulic fluid) used within the assembly from coming into contact with the suit.

Rationale: Any oils or hydraulic fluids must not come in contact with the suit. 
1.8 Shipping Container

This shipping container will be used to transport and store the Z-2 suit.  The Z-2 donning stand does not need to be included in this shipping container.

Shipping Container Size

[SC1] The Z-2 suit shipping container shall be able to be moved through a standard 30 inch wide and 80 inch high door.

Rationale: The stand will be used in a variety of locations which only provide access through standard doorways.

Shipping Container Latches

[SC2] The Z-2 suit shipping container shall provide multiple hand actuated latches to secure the lid and sides of the shipping container.

Rationale: The lid and sides of the shipping container need to be secured to one another using easily actuated mechanisms.  Since this shipping container will be used multiple times, the use of latches will allow the sides and top of the shipping container to be easily secures and opened.

Shipping Container Lifting Handles

[SC3] The Z-2 suit shipping container shall provide multiple lifting handles.

Rationale: The Z-2 suit shipping container will need to be moved by two or more technicians, and will need appropriately placed lifting handles.

Shipping Container Casters
[SC4] The Z-2 suit shipping container shall use casters as a means of transportability, which can be raised or removed to provide non-rolling, stable contact to the floor.

Rationale: Casters provide an easy means of relocating the shipping container without the need of heavy machinery.

Shipping Container Fork Lift Compatibility
[SC5] The Z-2 suit shipping container shall be compatible with a standard fork lift.

Rationale: The Z-2 suit shipping container may be moved by a fork lift, so it needs to be physically and structurally compatible with movement by a fork lift.  

Shipping Container Padding

[SC6] The Z-2 suit shipping container shall provide cushioning materials or devices that protect the contents from physical damage during handling, shipment and storage. 

Rationale: Cushioning materials, dunnage, blocking and/or bracing needs to be incorporated into the shipping container to protect and restrict the movement of the Z-2 suit during handling, shipment and storage.

Puncture Resistant Shipping Container

[SC7] The Z-2 suit shipping container shall be puncture resistant.

Water-resistant Shipping Container

[SC8] The Z-2 suit shipping container shall be water-resistant.

2 Verification Matrix
This section lists verification methods and notes for the Z-2 suit.  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 Z-2 suit.  
	Req #
	Description
	Verification Method
	Verification Notes

	 
	 
	I
	A
	T
	D
	 

	 
	1.1 Pressure and Ventilation
	
	
	
	
	 

	PV1
	Operating Pressure
	
	
	
	X
	 

	PV2
	Maximum Operating Pressure
	
	X
	
	
	 

	PV3
	Structural Test Pressure
	
	
	
	X
	 

	PV4
	Proof Pressure
	
	X
	
	X
	Pressure gauge will be removed for proof pressure testing

	PV5
	Ultimate Pressure
	
	X
	X
	
	Testing or analysis of a subset of suit components is acceptable instead of testing an entire suit.

	PV6
	Ventilation Leakage Rate
	
	
	X
	
	 

	PV7
	Ventilation Pressure Drop
	
	
	X
	
	 

	PV8
	Pressure Gauge
	X
	
	
	
	 

	PV9
	Pressure Gauge Specifications
	
	
	X
	
	 

	PV10
	Removable Pressure Gauge
	
	
	
	X
	 

	 
	1.2 Structure and Mass
	
	
	
	
	 

	SM1
	Rear-Entry Hatch
	X
	
	
	
	 

	SM2
	Neck Ring Angle
	X
	
	
	
	 

	SM3
	Waist Angle
	X
	
	
	
	 

	SM4
	Hard Upper Torso
	X
	
	
	
	 

	SM5
	EMU Glove Interface
	X
	
	
	X
	 

	SM6
	EMU Glove Compatible Sizing
	X
	
	
	
	 

	SM7
	EMU Boot interface
	X
	
	
	X
	 

	SM8
	EMU Boot Compatible Sizing
	X
	
	
	
	 

	SM9
	Boot Adjustment Mechanism
	
	
	
	X
	 

	SM10
	Boot Size
	X
	
	
	X
	 

	SM11
	Operational Life
	
	X
	X
	
	Verification by similarity and analysis is acceptable if using materials used in other pressure suits (example: EMU, Mark-III, Rear Entry I-Suit, ACES).  Otherwise, verification is required to involve component cycle testing and analysis.

	SM12
	Goal - Time Between Required Maintenance
	
	
	
	
	 

	SM13
	Internal Harness
	
	
	
	X
	 

	SM14
	Self-Donnable Internal Shoulder Harness
	
	
	
	X
	 

	SM15
	Goal - Self-Donnable Internal Waist Harness
	
	
	
	
	 

	SM16
	Manloads
	
	X
	X
	
	A combination of test and analysis

	SM17
	Impact 
	
	X
	X
	
	The suit's ability to meet leakage requirements after impact onto a 2" diameter steel ball assuming a 250 lb crewmember, suit and 200 lb PLSS traveling at 13.9 ft/sec will be verified by test and/or analysis.
Testing may consist of impact assessments of all metallic components, hard upper torso, and suit bearings at the suit's nominal operating pressure at an energy level commensurate with a 250 lb crewmember, suit and 200 lb PLSS traveling at 13.9 ft/sec.  Existing test data may be substituted for new test data assuming similar materials and equivalent or higher impact energies.  Analysis may be substituted for new test data on any hard components if the required impacts are modeled in a virtual environment.
Verification will be considered successful when the suit is shown to meet leakage requirements after all metallic components, hard upper torso, and suit bearings are subjected to impact onto a 2"diameter steel ball at 13.9 ft/sec using a 250 lb crewmember, suit and 200 lb PLSS.
Rationale: A combination of testing and analysis is allowed for the scope of this requirement, which affords flexibility and cost reduction of impact testing.  The helmet and EVVA are specifically omitted from this requirement under the assumption that the crewmember will not fall directly onto their face but will instead break their fall using hands and/or arms.  Soft goods are specifically omitted from this requirement as historical data has shown that soft goods do not fail in this manner but instead transmit the energy to the crewmember inside.  

	SM18
	Kickload
	
	X
	
	
	 

	SM19
	Fail safe
	
	X
	
	
	 

	SM20
	Overall Weight
	X
	
	
	
	 

	SM21
	Goal - Overall Weight
	
	
	
	
	 

	SM22
	Resize without Tools
	X
	
	
	X
	 

	SM23
	Self don/doff, Ambient
	
	
	
	X
	 

	SM24
	Self don/doff, Pressurized
	
	X
	
	
	 

	SM25
	Secondary Crew Removal Method
	X
	
	
	
	 

	SM26
	Factor of Safety
	
	X
	X
	
	Test or Analysis

	SM27
	Lock-Lock Mechanism
	X
	
	
	
	 

	SM28
	Identification and Markings
	X
	
	
	
	The ability of the suit to 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 shall be verified by inspection.
Inspection shall consist of a review of engineering drawings and/or delivered hardware to ensure all parts and assemblies above a reasonably small size have been so with a part and serial number.
Verification will be considered successful when it is shown that all parts large enough have been individually marked with a part and serial number.

	SM29
	Sharp Edges
	
	
	
	X
	 

	SM30
	Use of NAS Fasteners
	X
	
	
	
	 

	SM31
	Use of Helicoils
	X
	
	
	
	 

	SM32
	Goal - Limit to Four Fasteners 
	
	
	
	
	 

	SM33
	Goal - Limit Use of Torq-Set® Apex Style Fasteners 
	
	
	
	
	 

	SM34
	Goal - Suit Interior Microbial Contamination Levels 
	
	
	
	
	 

	SM35
	Goal - Overall Suit Microbial Contamination Levels 
	
	
	
	
	 

	SM36
	Goal - Suit Interior Fungal Contamination Levels 
	
	
	
	
	 

	SM37
	Goal - Overall Suit Fungal Contamination Levels 
	
	
	
	
	 

	 
	1.2.1 Hatch/HUT Interfaces
	
	
	
	
	 

	 
	1.2.1.1 Hatch Lock/Unlock Mechanism
	
	
	
	
	 

	SM38
	Hatch Lock/Unlock Mechanism
	X
	
	
	
	 

	SM39
	Hatch Lock/Unlock Mechanism Visual Indicator
	X
	
	
	X
	 

	SM40
	Hatch Lock/Unlock Mechanism Location
	X
	
	
	
	 

	SM41
	Hatch Lock/Unlock Mechanism operation by a Suited Crewmember
	
	
	
	X
	 

	SM42
	Hatch Lock/Unlock Mechanism operation at 8psid
	
	X
	
	
	 

	SM43
	Hatch Lock/Unlock Mechanism Actuation Torque
	
	X
	X
	
	 

	 
	1.2.1.2 Hatch/HUT Hinges
	
	
	
	
	 

	SM44
	Removable Hatch/HUT Hinges
	X
	
	
	
	 

	SM45
	PIP Pin Hinges
	X
	
	
	
	 

	SM46
	HUT/Hatch Hinge (and interface) Load Capacity
	
	X
	
	
	 

	SM47
	HUT/Hatch Hinge Rotation
	
	
	
	X
	 

	 
	1.2.1.3 Hatch Instrumentation Pass-through
	
	
	
	
	 

	SM48
	Hatch Instrumentation Pass-through
	X
	
	
	
	 

	SM49
	Hatch Instrumentation Pass-through Size
	X
	
	
	
	 

	SM50
	Hatch Instrumentation Pass-through Location
	
	
	
	
	 

	SM51
	Hatch Instrumentation Pass-through Access
	X
	
	
	
	 

	 
	1.2.2 Helmet
	
	
	
	
	 

	SM52
	Helmet Shape
	X
	
	
	
	The Z-2 suit's ability to provide and employ the use of a Mark III-style 13" hemispherical dome helmet shall be verified by inspection.  Inspection shall consist of review of delivered hardware to ensure they incorporate a 13" helmet.  Verification will be considered successful when it is shown the Z-2 suit provides a Mark III-style 13" hemispherical dome helmet.

	SM53
	Removable Helmet
	
	
	
	X
	 

	SM54
	Helmet Optical Distortion
	X
	
	
	
	 

	SM55
	Helmet Optical Homogeneity
	X
	
	
	
	 

	SM56
	Helmet Imperfections
	X
	
	
	
	 

	SM57
	Helmet Imperfections Amount
	X
	
	
	
	 

	SM58
	Helmet Color
	X
	
	
	
	 

	SM59
	Helmet Non-FOV Area
	X
	
	
	
	 

	 
	1.2.2.1 Helmet Extravehicular Visor Assembly [EVVA]
	
	
	
	
	 

	SM60
	Extravehicular Visor Assembly [EVVA]
	X
	
	
	
	 

	SM61
	Removable EVVA
	
	
	
	X
	 

	SM62
	EVVA Field of View
	X
	
	
	
	 

	SM63
	Moveable Helmet Sun Visor
	X
	
	
	
	 

	SM64
	Helmet Sun Visor Controls/Tabs
	X
	
	
	
	The ability of the suit to employ a helmet sun visor control mechanism using small tabs along the bottom of the visor shall be verified by inspection.  Inspection shall include a review of drawings.  Verification will be successful when it is shown that the helmet sun visor control mechanism uses tabs along the bottom of the sun visor
Rationale: An inspection of the relevant drawings will confirm the sun visor control mechanism is designed as required.

	SM65
	Protective Helmet Visor Optical Distortion
	X
	
	
	
	 

	SM66
	Protective Helmet Visor
	X
	
	
	
	 

	SM67
	Replaceable Protective Helmet Visor
	
	
	
	X
	The stationary protective helmet visor's ability to be replaceable using current ISS IVA tools in less than ten minutes will be verified by demonstration.  The demonstration will consist of a trained personnel, chosen by the contractor, replacing the protective visor on the EVVA from a fully-assembled state, back to a fully-assembled state.  The verification shall be considered successful when it is shown that the individual is able to replace the protective helmet visor, using only ISS IVA tools in less than ten minutes time. 
Rationale: A trained individual replacing the protective helmet visor in ten minutes ensures that most individuals who are not trained will be able to replace it in an acceptable amount of time.

	 
	1.2.2.2 Internal Hatch/HUT Interfaces
	
	
	
	
	 

	SM68
	Feedwater Supply Assembly (FSA) Volume Placeholder
	
	X
	
	
	 

	SM69
	Goal - FSA Location
	
	
	
	
	 

	SM70
	FSA Attachment Interface
	X
	
	
	
	 

	SM71
	Auxiliary FSA Volume Placeholder
	
	X
	
	
	 

	SM72
	Goal - Auxiliary FSA Location
	
	
	
	
	 

	SM73
	Hatch Cage
	X
	
	
	
	 

	SM74
	Hatch Cage Coverage Area
	X
	
	
	
	 

	SM75
	Hatch Cage  Interference
	X
	
	
	
	 

	SM76
	Hatch Cage Pass-throughs
	X
	
	
	
	 

	SM77
	Hatch Cage Loads
	
	X
	
	
	 

	SM78
	Hatch Cage IVA Removable and Replaceable
	
	
	
	X
	 

	SM79
	Hatch Cage Padding
	
	
	
	
	 

	SM80
	Alternate Ventilation Inlet Duct Structural Interface
	X
	
	
	
	

	
	1.8.1 Manufacturing Best Practices
	
	
	
	
	

	SM81
	Restraint Line Loading
	
	
	
	X
	 

	SM82
	Heat Seal Verification
	
	
	
	X
	 

	 
	1.3 Mobility and Visibility
	
	
	
	
	 

	MV1
	Anthropometric Range
	
	
	X
	
	 

	MV2
	Bearing Joint Torque
	
	
	X
	
	 

	MV3
	Softgood Joint Torque at 4.3psid
	
	
	X
	
	 

	MV4
	Softgood Joint Torque at 8.3psid
	
	
	X
	
	 

	MV5
	Range of Motion at 8.3 psid
	
	
	X
	X
	All tasks will be performed without the SIP, but with a cover layer.
Verification of this requirement will include performing repeated circuits of all tasks in Table 1-7 within a predetermined time period.
Verification testing will include 3-6 test subjects identified by NASA.

	MV6
	Arm Adjustment Increment
	
	
	X
	
	 

	MV7
	Leg Adjustment Increment 
	
	
	X
	
	 

	MV8
	Crotch to Shoulder Adjustment Increment 
	
	
	X
	
	 

	MV9
	Vertical Trunk Diameter Sizing Component
	X
	
	X
	
	

	 
	1.4 Suit Interior Interfaces
	
	
	
	
	 

	SII1
	Valsalva Device Interface
	X
	
	
	
	 

	SII2
	Drink Bag
	X
	
	
	
	 

	SII3
	Functional Drink Bag
	
	
	
	X
	 

	SII4
	Goal – Use of EMU DIDB
	X
	
	
	
	 

	SII5
	PPRV location
	X
	
	
	
	 

	SII6
	PPRV interface geometry
	X
	
	
	
	 

	SII7
	PPRV blanking plate
	X
	
	
	
	 

	SII8
	PPRV Blanking Plate – 8.3 psid
	
	
	X
	
	 

	SII9
	Multifunction Purge Valve Location Keep-out Zone - External
	X
	
	
	
	 

	SII10
	Multifunction Purge Valve Location Keep-out Zone - Internal
	X
	
	
	
	 

	SII11
	Purge Valve Oral Inlet Location Keep-out Zones
	X
	
	
	
	 

	SII12
	Removable Cover Layer
	X
	
	
	
	 

	SII13
	Tailored Cover Layer
	X
	
	
	
	 

	 
	1.4.1 Electronics Keep-out Zone Interface
	
	
	
	
	 

	SII14
	Speaker Keep Out Zone
	X
	
	
	
	 

	SII15
	Speaker Structural Interface
	X
	
	
	
	 

	SII16
	Microphone Keep-out Zone
	X
	
	
	
	 

	SII17
	Microphone Structural Interface
	X
	
	
	
	 

	SII18
	Signal Amplifier Box Volume Keep-out Zone
	X
	
	
	
	 

	SII19
	Signal Amplifier Box Structural Interface
	X
	
	
	
	 

	SII20
	Internal Cable Routing
	X
	
	
	
	 

	 
	1.4.2 Hatch Electrical Interfaces
	
	
	
	
	 

	SII21
	Hatch Electrical Connector Interface
	
	
	
	X
	 

	 
	1.4.3 Ventilation Interfaces
	
	
	
	
	 

	SII22
	Ventilation Inlet Duct Geometry
	X
	
	
	
	 

	SII23
	Ventilation Inlet Duct Location
	X
	
	
	
	 

	SII24
	Ventilation Inlet Duct Removable and Replaceable
	X
	
	
	
	 

	SII25
	LCVG Ventilation Return Functionality
	X
	
	
	
	 

	SII26
	Ventilation – Return Routing from LCVG MWC to the HUT side Return Sea l(Nominal, when using LCVG)
	X
	
	
	
	 

	SII27
	Ventilation – Return Seal (HUT Side)
	X
	
	
	
	 

	SII28
	Ventilation – Out Face Seal (Hatch Side)
	X
	
	
	
	 

	SII29
	Ventilation – Return Routing from Return Seal (Hatch Side) to the Hatch Connector 
	X
	
	
	
	 

	SII30
	Ventilation – Out Face Seal (HUT Side) is Removable
	
	
	
	X
	 

	SII31
	Ventilation – Out Face Seal (Hatch Side) Anti-Blockage Cage
	X
	
	
	
	 

	 
	1.4.4 Cooling Fluid Interfaces
	
	
	
	
	 

	SII32
	Primary Cooling Fluid Line – Supply Routing to MWC
	X
	
	
	
	 

	SII33
	Primary Cooling Fluid Line – Return Routing from MWC
	X
	
	
	
	 

	SII34
	Primary Cooling Fluid Lines (Supply and Return) Routing with Hatch Translation
	
	X
	
	X
	 

	SII35
	Auxiliary Cooling Fluid Line – Supply Routing to LCG
	X
	
	
	
	 

	SII36
	Auxiliary Cooling Fluid Line – Out Routing from LCG
	X
	
	
	
	 

	SII37
	Auxiliary Cooling Fluid Lines (Supply and Return) Routing with Hatch Translation 
	
	X
	
	X
	 

	SII38
	Cooling Fluid Line Material
	X
	
	
	
	 

	SII39
	Cooling Fluid Leakage between the hatch connectors and the LCVG/LCG
	
	
	X
	
	Z-2 Verification will be to confirm “no visible leakage”.  Z-3 suit verification will include a test to confirm actual leakage.

	 
	1.5 Suit Exterior Interfaces
	
	
	
	
	 

	 
	1.5.1 Hatch Ventilation and Cooling Interfaces
	
	
	
	
	 

	SEI1
	Hatch Ventilation - In Connector
	
	
	
	X
	 

	SEI2
	Hatch Ventilation - In Connector Location
	X
	
	
	
	 

	SEI3
	Hatch Ventilation - Out Connector
	
	
	
	X
	 

	SEI4
	Hatch Ventilation - Out Connector Location
	X
	
	
	
	 

	SEI5
	Hatch Cooling Fluid Bulkhead Connector Pass-through
	X
	
	
	
	 

	SEI6
	Hatch Cooling Fluid Bulkhead Connector Pass-through Bolt Pattern
	X
	
	
	
	 

	SEI7
	Hatch Cooling Fluid Bulkhead Connector Pass-through Location
	X
	
	
	
	 

	SEI8
	Hatch Primary Cooling Fluid – In Connector
	
	
	
	X
	 

	SEI9
	Hatch Primary Cooling Fluid – Out Connector
	
	
	
	X
	 

	SEI10
	Hatch Auxiliary Cooling Fluid – In Connector
	
	
	
	X
	 

	SEI11
	Hatch Auxiliary Cooling Fluid - Out Connector
	
	
	
	X
	 

	 
	1.5.2 Control and Display Keep-out Zones
	
	
	
	
	 

	SEI12
	Critical Controls and Display Keep-out Zone
	X
	
	
	
	 

	SEI13
	Goal - Minimize the Amount of External Hardware Located on the Chest
	
	
	
	
	  

	 
	1.5.3 Suitport Interface Plate (SIP) Interfaces
	
	
	
	
	 

	SEI14
	Removable and Replaceable SIP
	
	
	
	X
	 

	SEI15
	Thermally Insulate SIP
	X
	
	
	
	 

	SEI16
	Suit Port Loads
	
	X
	
	
	 

	SEI17
	SIP Geometry
	X
	
	
	
	The ability of the suit to provide and employ the use of a SIP for the 2A’ Pneumatic Flipper Suitport that implements the features and keep out zones defined on drawing number CA2B11900 rev A will be verified by inspection.  Inspection will consist of the review of engineering drawings to verify all specifications are met, including but not limited to geometry, surface finish and flatness, keep out zones, etc.  Verification will  be considered successful when it is shown the suit provides a suitport interface plate as defined in the SIP geometry definition table.
Rationale: Inspection of engineering drawings will verify the SIP is delivered as required.

	SEI18
	SIP Keep Out Zones
	X
	
	
	
	The ability of the suit to provide and employ the use of a suitport interface plate that meets the keep out zones denoted "CLAMP KEEP OUT ZONES" and "SEAL KEEP OUT ZONE" per drawing number CA2B11900 rev A  will be verified by inspection.  Inspection will include the review of engineering drawings and hardware to verify no suit components infringe the designated keep out zone.  Verification will be successful when it is shown the suit meets the keep out zone per drawing number CA2B11900 rev A .
Rationale:  Inspection of drawings and delivered hardware will verify the SIP is delivered as required. 

	SEI19
	SIP Deflection
	X
	
	
	
	The suit's ability to have a SIP/suitport differential deflection of less than 0.020" when integrated with the suitport and pressurized to 8.8psid shall be verified by analysis.  
Analysis will consist of modeling the suit/SIP interface and SIP/suitport interface in a virtual environment, including loads imparted by the crewmember during use and during don/doff, loads imparted by the suitport including the 8.8psid cabin load and 20psid inflatable seal pressure load, loads imparted by the mass of the suit, 200-lb PLSS and 250-lb crewmember in a 1-g environment, and loads imparted during suitport ingress/egress. Analysis shall include the final design of the suit and the SIP, including air, water and PAS pass-through
Verification will be considered successful when it is shown that the SIP/suitport deflection does not exceed 0.02" during all these operational modes.
Rationale: Analysis that models all loads and provides stress and deflection, among other parameters, will allow the contractor to design the suit, SIP and suit/SIP interface within provided constraints while ensuring the SIP/suitport interface or suit itself is not negatively impacted as a result.  Analysis allows, for example, discovery of minor deflections that could result in issues during operational use, such as the hatch latch binding that was observed on the Z-1 suit chamber run. 

	SEI20
	SIP-to-Suit Seal
	
	
	X
	
	 

	 
	1.5.4 Portable Air Backpack Interface
	
	
	
	
	 

	SEI21
	Portable Air Backpack Interface
	
	
	
	X
	 

	SEI22
	Portable Air Backpack Interface Loading
	
	X
	
	
	 

	 
	1.5.5 Tool Interfaces
	
	
	
	
	 

	SEI23
	Safety Tether Point Location
	X
	
	
	
	 

	SEI24
	Safety Tether Point Loads
	
	X
	
	
	 

	SEI25
	Safety Tether Point Geometry
	X
	
	
	
	 

	SEI26
	Tool Harness Attachment Points
	X
	
	
	
	 

	SEI27
	Goal - Tool Harness Attachment Point Locations
	
	
	
	
	 

	SEI28
	Square Boss Interface
	X
	
	
	
	 

	SEI29
	Square Boss Interface Loads
	
	X
	
	
	 

	SEI30
	Square Boss Interface Location – Mobility Concern
	
	
	
	X
	 

	SEI31
	Square Boss Interface Location – Mobility Concern with BRT
	
	
	
	X
	 

	SEI32
	Goal - Square Boss Interface Location –Visibility Concern
	
	
	
	
	 

	 
	1.5.6 Suit Side Structural Interface
	
	
	
	
	 

	SEI33
	Suit Side Structural Interface  is Compatible with Multiple Systems
	X
	
	
	
	 

	SEI34
	Goal – Single Suit Side Structural Interface
	
	
	
	
	 

	SEI35
	Suit Side Structural Interface(s) Loads
	
	X
	
	
	 

	SEI36
	Goal - NBL Donning/Doffing Stand Interface Tool Access
	
	
	
	
	 

	 
	1.6 External Interfaces
	
	
	
	
	 

	EIF1
	Stowed Volume
	X
	
	
	
	 

	 
	1.6.1 Environments
	
	
	
	
	 

	EIF2
	Oxygen Compatible, Flammability and Off-Gassing
	X
	X
	
	
	The suit's ability to conform to oxygen compatibility requirements as specified in NASA-STD-6001B will be verified an oxygen compatibility assessment per NASA-STD-6001B, Section 6.3 and by inspection.  The oxygen compatibility assessment will include 1) a review of engineering drawings and 2) the identification of whether the material has been used in a previous similar flight design.  Inspection for chamber testing shall consist of the review of the comprehensive list of materials used in the suit.  
A net TML greater than 1.0 percent is permitted if this mass loss has no effect on the functionality of the material itself and no effect on the functionality of any materials, components, or systems that could be adversely affected by the subject mass loss. Many materials contain absorbed water but the loss of absorbed water does not affect functionality, so the WVR (a measure of the total water vapor lost in the E595 test) is subtracted from the TML,
In many cases, it is not possible to select polymeric materials that have a < 0.1 percent CVCM.  In such cases, the materials may be vacuum baked before final assembly until the CVCM is less than 0.1 percent.
Verification will be successful when it is shown that all suit materials meet oxygen compatibility, flammability, and offgassing criteria as specified in NASA-STD-6001B and all relevant documentation is provided, as well as meeting outgassing criteria per ASTM E595.  NASA M&P will be consulted during verification to ensure all materials meet criteria, and all assessments are done in accordance with NASA-STD-6001B and ASTM E595.
Rationale: The document NASA-STD-6001B is the appropriate reference for oxygen compatibility, flammability, and offgassing.  ASTM E595 is the appropriate test to evaluate outgassing as specified in NASA-STD-6016.

	EIF3
	Shock Hazard – Low Voltage Exposure
	
	X
	X
	
	The suit's ability to limit the EVA crewmember's exposure to electrical exposure to 0.1 mA or less when exposed to a 160V DC or AC RMS voltage source across any two metallic components shall be verified by testing and analysis.  Testing shall consist of determining the resistance of every metallic suit component across a conductive path from the outside of the suit to the inside where crewmember contact is most likely to occur. For these measurements, credit may be taken for non-metallic coatings or insulation integral to the metallic component, but may not be taken for fabric-based cover layers or coatings that are not in constant, fixed contact with the metallic component surface; if metallic components are galvanic ally connected, the resistance between each metallic suit component pair must be measured as well.  Analysis shall consist of determining the current flow through a sweaty crewmember of assumed resistivity 50 Ω, given the suit components' electrical characteristics as determined in testing, and a 160V voltage source across those components.  The verification shall be considered successful when it is shown that when exposed to 160V DC or AC RMS, the suit would limit the current through the crewmember to 0.1 mA or less across all potential paths between metallic suit component pairs.
Rationale: Given that there are multiple design solution approaches, each with their own mitigation mechanism, the verification is intended to be flexible depending on the design solution employed.  Furthermore, neither human in-the-loop testing nor a probabilistic risk assessment is desired at this time.  This verification approach is intended to allow the contractor to develop a risk mitigation approach with a reasonably predictable outcome.

	EIF4
	Shock Hazard – High Voltage Exposure
	
	X
	X
	
	The suit's ability to limit the EVA crewmember's exposure to electrical exposure to 1.0 mA or less when exposed to a 600V DC or AC RMS voltage source across any two metallic components shall be verified by testing and analysis.  Testing shall consist of determining the resistance of every metallic suit component across a conductive path from the outside of the suit to the inside where crewmember contact is most likely to occur. For these measurements, credit may be taken for non-metallic coatings or insulation integral to the metallic component, but may not be taken for fabric-based cover layers or coatings that are not in constant, fixed contact with the metallic component surface; if metallic components are galvanic ally connected, the resistance between each metallic suit component pair must be measured as well.  Analysis shall consist of determining the current flow through a sweaty crewmember of assumed resistivity 50 Ω, given the suit components' electrical characteristics as determined in testing, and a 600V voltage source across those components.  The verification shall be considered successful when it is shown that when exposed to 600V DC or AC RMS, the suit would limit the current through the crewmember to 1.0 mA or less across all potential paths between metallic suit component pairs.
Rationale: Given that there are multiple design solution approaches, each with their own mitigation mechanism, the verification is intended to be flexible depending on the design solution employed.  Furthermore, neither human in-the-loop testing nor a probabilistic risk assessment is desired at this time.  This verification approach is intended to allow the contractor to develop a risk mitigation approach with a reasonably predictable outcome.

	EIF5
	Goal - Meet Launch Loads
	
	
	
	
	 

	 
	1.6.1.1 Neutral Buoyancy Laboratory (NBL) Interfaces
	
	
	
	
	 

	EIF6
	NBL Compatible Materials (Exterior of the Suit)
	
	
	
	
	 

	EIF7
	Goal - Avoid Using Dissimilar Materials
	
	
	
	
	 

	 
	1.7 Donning Stand
	
	
	
	
	 

	DS1
	Donning Stand
	
	X
	
	
	 

	DS2
	Donning Stand Can be Transported by Two Individuals
	
	
	
	X
	 

	DS3
	Donning Stand to Include Casters
	X
	
	
	
	 

	DS4
	Donning Stand Volume
	X
	
	
	
	 

	DS5
	Donning Stand Height Adjustment
	X
	
	
	
	 

	DS6
	Goal - Donning Stand Height Adjustment by One Person
	
	
	
	
	 

	DS7
	Donning Stand Reduced Gravity Flight Take-off and Landing Loads
	
	X
	
	
	 

	DS8
	Donning Stand Reduced Gravity Flight In-flight Loads 
	
	X
	
	
	 

	DS9
	Donning Stand Reduced Gravity Size Requirement
	X
	
	
	
	 

	DS10
	Donning Stand Reduced Gravity Plane Floor Attachment
	X
	
	
	
	 

	DS11
	Donning Stand Reduced Gravity Plane Bolt Stress
	X
	
	
	
	 

	DS12
	Donning Stand Access to the Suit for Resizing
	
	
	
	X
	 

	DS13
	Donning Stand Donning/Doffing 
	
	
	
	X
	 

	DS14
	Goal - Donning Stand Donning/Doffing Aids
	
	
	
	
	 

	DS15
	Donning Stand Suited Softdock
	
	
	
	
	 

	DS16
	Donning Stand Suited Locking Mechanism
	
	
	
	X
	 

	DS17
	Goal - Donning Stand Suited Locking Mechanism Actuated by Crewmember
	
	
	
	
	 

	DS18
	Donning Stand Stability
	
	
	
	
	 

	DS19
	Donning Stand Sharp Edges
	X
	
	
	
	 

	DS20
	Donning Stand allows 90° Hatch Opening 
	
	
	
	X
	 

	DS21
	GOAL – Adjustable angle 
	
	
	
	
	 

	DS22
	Donning Stand Seat
	X
	
	
	
	 

	DS23
	Goal – Donning Stand Stairs
	
	
	
	
	 

	DS24
	Donning Stand GSE Suit Umbilical Interface
	X
	
	
	
	 

	DS25
	Donning Stand Interface Loading for the Suit
	
	X
	
	
	 

	DS26
	Donning Stand Prevents Residue from Coming into Contact with the Z-2 Suit
	X
	
	
	
	 

	 
	1.8 Shipping Container
	
	
	
	
	 

	SC1
	Shipping Container Size
	X
	
	
	
	 

	SC2
	Shipping Container Latches
	X
	
	
	X
	 

	SC3
	Shipping Container Lifting Handles
	X
	
	
	X
	 

	SC4
	Shipping Container Casters
	X
	
	
	
	 

	SC5
	Shipping Container Fork Lift Compatibility
	X
	
	
	
	 

	SC6
	Shipping Container Padding
	X
	
	
	
	 

	SC7
	Puncture Resistant Shipping Container
	X
	
	
	
	 

	SC8
	Water-resistant Shipping Container
	X
	
	
	
	 


3 Acronyms/Abbreviations

	ARGOS
	Active Response Gravity Offload  System

	BRT
	Body Restraint Tether

	DDS
	Donning/Doffing Stand

	DIDB
	Disposable In-Suit Drink Bag

	EMU
	Extravehicular Activity Mobility Unit

	EVA
	Extravehicular Activity

	EVVA
	Extravehicular Visor Assembly

	FSA
	Feedwater Supply Assembly

	Ft-lbs.
	Foot Pounds

	HUT
	Hard Upper Torso

	I.D.
	Inner Diameter

	IVA
	Intravehicular Activity

	JSC
	Johnson Space Center

	lb/hr
	Pounds per hour

	LCG
	Liquid Cooling Garment

	LCVG
	Liquid Cooling and Ventilation Garment

	MMSEV
	Multi-Mission Space Exploration Vehicle

	MPT
	Manned Pressurized Time

	MWC
	Multiple Water Connector

	NASA
	National Aeronautics and Space Administration

	NBL
	Neutral Buoyancy Laboratory

	PAB
	Portable Air Backpack

	p/n
	Part Number

	PPRV
	Positive Pressure Relief Valve

	SIP
	Suitport Interface plate

	TBD
	To Be Determined

	TBR
	To Be Resolved

	TMG
	Thermal Micrometeoroid Garment

	
	

	
	


All dimensions are in inches





65.5° Waist Angle





43.5° Neck Ring Angle





Instrumentation Port General Location





All dimensions are in inches





Hatch HUT Side Plane





Hatch HUT Side Plane





Alternate Ventilation Inlet Duct Structural Interface Location








PPRV Interface Location





Multifunction Purge Valve


(4” x 2” footprint)





Purge Valve Oral inlet


(4” x 2” footprint)





Multifunction Purge Valve Location 


(2” diameter circle footprint)
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Hatch Bulkhead Electrical Connector


(p/n: JT07RE-10-35P)





Speakers





Microphones





Speakers Connectors





Microphone Connectors





Biomedical Connectors 


Connector 








Biomedical Harness





 





Signal Amplifier Box





 





 





Signal Amplifier Box


(1”x2”x4”)





Aux FSA (1”x2”x4”)





Hatch Bulkhead Electrical Connector
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To Biomed Harness





Proposed cable routing (Yellow)





Speakers (2)





Microphones





Microphone Keep-out Zone





EMU Multiple Water Connector (MWC), 


p/n: 9693 (LCVG side)





HUT











Hatch





























Hatch Ventilation - Supply Connector


(p/n:9358-03) 





Hatch Ventilation – Return Connector


(p/n: 9358-04)





Ventilation Inlet Duct 

















LCG

















Vent Return 


Seal (Hatch side)





Vent Return Seal (HUT side)





EMU Multiple Water Connector (MWC), 


p/n: 9694 (suit side)





Vendor Defined Face Seals

















R .230





R .428





All dimensions are in inches





All dimensions are in inches





Ventilation Inlet Duct Location





Ventilation Seals Interface Location





HUT











Hatch





























Hatch Ventilation - In Connector


(p/n:9358-03) 





Hatch Ventilation - Out Connector


(p/n: 9358-04)





Ventilation Inlet Duct 











Vent Out Seal (Hatch side)





Vendor Defined Connector

















Vent Out Seal Anti-Blockage Cage





HUT





Hatch

































































Hatch Primary Cooling Supply Connector








Hatch Primary Cooling Return Connector








Hatch Auxiliary Cooling Supply Connector








Hatch Auxiliary Cooling Return Connector








Additional line length to account for 4 inches of translation









































LCG











CPC 3/8” Connectors











EMU Multiple Water Connector (MWC), 


p/n: 9694 (suit side)











LCVG











Quick Disconnect Connectors














Hatch Cooling Fluid Bulkhead Connector Pass-Through





Hatch Pass-through Connectors





Z-1





Mark-III





21”





21”





Primary Cooling Fluid Return





Auxiliary Cooling Fluid Supply





Auxiliary Cooling Fluid Return





Primary Cooling Fluid Supply





Distance to Holt Hole Center = 1.25”





Distance to Pass-through Outer Diameter = 1.4”





Distance to Pass-through Inner Opening = 0.9”





6x 60°











Suit-to-SIP Interface





1/4”-28 UNF


HELICOIL





6”





6”





7 51/64”





7 51/64”











Safety Tether Point Locations























Figure � STYLEREF 1 \s �1��� SEQ Figure \* ARABIC \s 1 �43�: Safety Tether Point Geometry





2. 5 inches





0.25 inches





1.75 inches





1.25 inches





Tool Harness Attach Point Location





Square Boss Interface Location 
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