
1.0 Introduction

1.1 Scope

The Primary Variable Regulator Development Specification establishes the requirements for design, performance, and testing of the Primary Variable Regulator in compliance with the Constellation Space Suit Element (CSSE) Element Requirements Document (ERD), CxP 72208. 

1.2 Conventions and Notations

1.2.1 Rationale

A rationale statement is included for each requirement.  The purpose of the rationale statement is to indicate why the requirement is needed, the basis for its inclusion in a requirements document, and to provide context and examples to stakeholders.  It is important to note that a rationale is not binding, and it only provides supporting information.  In the event there is an inconsistency between the requirement and the rationale, the requirement is binding and takes precedence.

1.2.2 Designations and Prioritization

The convention used in this document to indicate requirements, goals, and statements of fact is as follows:

	Designation
	Description

	"Shall"
	used to indicate a requirement which must be implemented and its implementation verified

	“Should”
	used to indicate a goal which must be addressed by the design but is not formally verified

	"Will"
	used to indicate a statement of fact and is not verified


1.2.3 "TBR" and “TBD”

In some cases the values of quantities included in this document have not been determined and are designated as "to be resolved" (TBR) or “to be defined” (TBD).  Where approximate values of such quantities are known and provide useful guides for development, these are shown along with the TBR notation.  Where no approximate value exists, a TBD designation is provided in the place of the value.

1.2.4 “Reserved”

In cases where an entire sub-paragraph has yet to be defined, but is being carried to show the need for the definition, a designation of “RESERVED” is placed in the respective location.

2.0 Documents

 tc "1.5-1  System Requirements Document Relationship to Element Requirements Document"\f g \l 1 \* MERGEFORMAT The documents listed in this section represent the documents that have been identified either in part or in whole within this document.

2.1 Applicable Documents

The applicable documents are documents that have been explicitly identified within requirements statements (i.e., "shall" statements) and invoked as technical requirements for implementation. Each requirement statement identifies the applicable subsections of a document unless it has been deemed appropriate to invoke the entire document.

	CxP 70023
	Constellation Program Design Specification for Natural Environments (DSNE)

	CxP 70024
	Constellation Program Human-Systems Integration Requirements (HSIR)

	CxP 70050-01
	Constellation Program Electrical Power System Specification, Volume 1: Electrical Power Quality Performance for 28 VDC

	CxP 70143
	Constellation Program Induced Environment Design Specification

	CxP 70130
	EVA Design and Construction Standard

	CxP 70136
	Constellation Loads Data Book

	CxP 70080
	Electromagnetic Environmental Effects (E3) Requirements Document


2.2 Reference Documents

Documents that are identified but are not invoked within requirements statements are listed below.

	TBD
	

	
	

	
	


3.0 Primary Variable Regulator

This section contains the technical design and performance requirements.

3.1 Functional Overview

The function of the Primary Variable Regulator is to regulate the flow of stored high pressure oxygen to serve two purposes:

1) Provide breathing oxygen for pressurization and metabolic consumption for the following operational modes:

a) IVA prebreathe

b) EVA variable (set-points allowing for flexibility in prebreathe protocol)

c) Decompression Sickness Treatment

2) Provide breathing oxygen for ventilation via system purge valves for the following operational modes:

a) IVA prebreathe

i) Denitrogenation

b) EVA variable (set-points allowing for flexibility in prebreathe protocol)

i) Convective cooling

ii) CO2 removal

The Primary Variable Regulator as envisioned is a single or multi-stage, non-venting, external pressure reference regulator assembly with a variable final stage that is commanded between the set pressure ranges using a differential signaling serial bus connection to an on-board controller.  The assembly also incorporates filters, a fill-port check-valve, a shut-off feature, and all associated mechanisms/actuators to facilitate set-pressure changes based on electronic commands.  Figures 3.1-1 and 3.1-2 depict notional representations of possible variable regulator designs.
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Figure 3.1-1 – Motor-Settable Mechanical configuration of Primary Variable Regulator (PVR)
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Figure 3.1-2 – Variable Electronic Regulator (VER) configuration of Primary Variable Regulator (PVR)
	Symbol
	Description
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	Pressure Transducer, Absolute
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	Pressure Transducer, Differential, Ambient Referenced
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	Mechanical Diaphragm Regulator, with outlet sense
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	Motor-settable Ambient Referenced Differential Mechanical Regulator, with outlet sense, integrated orifice and shut-off
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	Powered Valve Electronic Regulator, with integrated orifice and shut-off
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Table 3.1-1 – Symbol Key for Notional Schematics

3.2 Performance Requirements

3.2.1 Life

3.2.1.1 Operational Life

The PVR shall have operating life as specified in Table 3.2.1.1.-1:

	Component
	Function
	Cycles (minimum)
	Minimum Duration (hrs)

	Regulators
	Regulation
	500000(2)
	4000(1)

	Shut-off Valve or Feature
	Open/Close
	500000(2)
	---

	Assembly
	Pressurization
	1600(3)
	---

	Assembly
	Pressurization to Proof Pressure
	20(4)
	---

	Assembly
	Pressurization to Structural Pressure
	80(5)
	---


Table 3.2.1.1-1 – Primary Variable Regulator Operating Life

Rationale: The goal is to make the hardware and its associated certification “robust-enough” such that detailed tracking of operating cycles and the resultant operational over-head is not required.

(1) This is based on 100 EVAs at 8 hours per EVA and 2 hours pre/post-EVA functional time for prebreathe and other activities with a scatter factor of 4.  

(2) This is based on the assumption of 2 cycles per minute, 100 EVAs at 8hrs per EVA and 2 hours pre/post EVA time, with a scatter factor of 4.

(3) This is based on the assumption of 100 EVA pressurizations, 100 preEVA pressurizations, 200 ground processing-acceptance pressurizations, and a scatter factor of 4. A pressurization is defined as the increase from <10% MEOP to >90% MEOP and back down to <10% MEOP.

(4) This is based on the assumption of 5 acceptance proof pressure events over the useful life with a scatter factor of 4. 

(5) This is based on the assumption of 20 acceptance structural pressure events over the useful life with a scatter factor of 4.

3.2.1.2 Useful Life

The PVR shall have a useful life of 10 years minimum without refurbishment assuming that the usage rate does not exceed operational life (Para 3.2.1.1).

Rationale: This provides a tracking clock from the time wetted service is started and is considered the total “life time” from birthdate of the hardware.

3.2.1.3 Shelf Life

The PVR shall components shall have a shelf-life of 20 years minimum.

Rationale: This allows for program logistics flexibility without recertification.

3.2.1.4 Limited Life

RESERVED

Rationale: The goal is to have no limited life hardware; this is a goal given that state of the art hardware design and manufacturing often limits the implementation of the entire system to less than the full useful life.  For example, the need for relief valves or regulators to be operated every X days to mitigate stiction or other issues associated with long term inactivity.

3.2.2 Operating Fluid

3.2.2.1 Gaseous Nitrogen

The PVR shall be compatible and operate using gaseous nitrogen per MIL-PRF-27401E, Performance Specification for Propellant Pressurizing Agent, Nitrogen, Type I, Grade B as a test fluid. 

Rationale: Gaseous nitrogen provides a safe and effective method for performing development tests prior to oxygen compatibility testing and approval.

3.2.2.2 Gaseous Oxygen

The PVR shall be compatible and operate using gaseous oxygen per MIL-PRF-27210, Performance Specification for Oxygen, Aviators Breathing, Liquid and Gas, Type I as the working fluid.  

Rationale: Gaseous oxygen has been selected as breathing gas identified in the reference architecture of CxP 72176, EVA Systems Architecture Description Document. Reference [CSSE3005]. 

3.2.3 Pressure and Flow

3.2.3.1 Pressure Regulation and Flow

The PVR, when set to the respective set-point, shall maintain the lower stage output differential pressures above the ambient reference pressure as specified in Table 3.2.3.1-1 across the range of inlet supply pressures.  As a goal, the PVR should be continuously variable between the highest and lowest of the specified set-points.

	Outlet

Set-point(2)
	Output Differential Pressure

kPa

[psid]
	Ambient Reference Pressure

kPa

[psia]
	Inlet Supply Pressure(3)
MPa

[psia]
	Mass Flowrate

kg/hr

[lbs/hr]

	IV
	2.8 to 9.7 
[0.4 to 1.4]
	55 to 105 
[8 to 15.2]
	1.38 to 25.9

[200 to 3750]
	.009 to 2.5

[.02 to 5.6]

	EV
	29.6 +/- 0.7 
[4.3 +/- 0.1]
	vacuum(1) to 105
[vacuum(1) to 15.2]
	1.38 to 25.9

[200 to 3750]
	.009 to 2.5

[.02 to 5.6]

	EV DCS
	42.7 +/- 1.4 
[6.2 +/- 0.2]
	vacuum(1) to 105
[vacuum(1) to 15.2]
	1.38 to 25.9

[200 to 3750]
	.009 to 2.5

[.02 to 5.6]

	IV DCS
	56.5 +/- 1.4

[8.2 +/- 0.2]
	vacuum(1) to 105
[vacuum(1) to 15.2]
	1.38 to 25.9

[200 to 3750]
	.009 to 2.5

[.02 to 5.6]


Table 3.2.3.1-1 – Lower Stage Regulation Modes, Pressures, and Flows

Rationale: 

(1) Vacuum is defined for test purposes as < 1 torr (.02 psia).

(2) This satisfies the following requirements from the CSSE ERD:

a. CSSE3062 Minimum Purge Pressure (denitrogenation purge operations)

b. CSSE3048 Pressure Regulation

c. CSSE3036 DCS Pressurization Time

(3) This complies with CSSE3003 requiring the Maximum Expected Operating Pressure as part of the reference architecture in CxP 72176, EVA Systems Architecture Description Document.

3.2.3.2 Pressures Table

	Operating Pressure
	Inlet Supply Pressure

MPa

[psia]
	Interstage Pressure(2)
kPa

[psia]
	Outlet Pressure(1)
kPa

[psid]

	Maximum Expected Operating Pressure (MEOP)(3)
	25.8

[3750]
	TBD
	56.5

[8.2]

	Structural Pressure (1.1 x MEOP)
	28.4

[4130]
	TBD
	62.2

[9.0]

	Proof Pressure (1.5 x MEOP)
	38.7

[5630]
	TBD
	84.8

[12.3]

	Burst Pressure (2.0 x MEOP)
	51.6

[7500]
	TBD
	113

[16.4]


Table 3.2.3.2-1 – Operating Pressures Table

Rationale: 

(1) This test is assumed to occur at ambient sea-level conditions such that the differential pressure in the system is referenced to 1 standard atmosphere. 

(2) This value is configuration specific and will change if the configuration of the regulator changes, hence, the value should be computed as indicated.  

(3) This is a carry-over from the MEOP for the Primary Oxygen Vessel (POV) that is part of the Primary Oxygen Assembly (POA).

3.2.3.3 Inlet flow of fill-port, check-valve, and filter

With a pressure source of 25.8 MPa [3750 psia], the inlet flow shall be 2.7 kg/hr [6 lbs/hr] with a maximum pressure drop of 340 kPa [50 psid].

Rationale: This is loosely based on the original Shuttle EMU specification.  A charging rate of 6 lbs/hr will maintain the pressurization rate below the limit of 200 psi/min.  

3.2.4 Inlet or Supply Temperature

The PVR shall operate with a gas supply temperature of 4 °C [40 °F] to 38 °C [100 °F].

Rationale: This is a preliminary range based on the original EMU specification and a resultant lower end to attempt to accommodate the Lunar polar regions.  Further analysis and development of the PLSS packaging will refine this range.

3.2.5 Leakage

3.2.5.1 External Leakage

The PVR shall limit external leakage to 1 sccm maximum with the regulator outlets capped and the source pressure at 25.8 MPa [3750 psia] regardless of regulator set-point.

Rationale: The entire PLSS leakage allocation is 5 sccm; the leakage rate is more conservative than EMU which specified the same leakage rate but with a much lower source pressure.

3.2.5.2 Internal Leakage

3.2.5.2.1 Shut-off Feature Open or Disengaged

The PVR shall limit internal leakage to 25 sccm GOX with a source pressure of 25.8 MPa [3750 psia], shut-off feature in the open position, and regulator outlet pressures maintained at 0.7-2.0 kPa [0.1-0.3 psid] above regulation setpoints.

Rationale: This is based on an allowable lock-up leakage that is ~30% of the allowable EVA leakage rate of the suit, not considering metabolic consumption.  Leakage rates markedly higher than this would risk over-pressurizing the suit volume were the suit to be exceptionally leak tight and the metabolic loading low.  

3.2.5.2.2 Shut-off Feature Closed or Engaged

The PVR shall limit internal leakage to 1 sccm GOX with source pressure of 25.8 MPa [3750 psia] and the shut-off valve in the closed position.

Rationale: This is based on the requirements specified for the EMU Primary Regulator which had a different operational profile than that planned for the CSSE; this may need to be reduced given that CxP/Altair will desire to stow the PLSS months in advance of the launch and not be required to expend consumables during mission to recharge the oxygen systems before Lunar operations.

3.2.6 Data Acquisition (DAQ) and Control

3.2.6.1 Control Modes

RESERVED

Rationale: The control modes for the regulator will be defined in conjunction with the Operational Concepts for the PLSS/PCAI sub-systems.  

3.2.6.2 Control-Logic Inputs

The PVR shall include as part of the assembly, the pressure sensors noted in Table 3.2.6.2-1 that will be used as needed in the feed-back loops for control and logic.

	Designation
	Description
	Range
	Total Uncertainty

	TBD
	Pressure Transducer, Supply
	0-27.5MPa (0-4000 psia)
	.05% FSO

	TBD
	Pressure Transducer, Interstage
	0-TBD kPa (0-TBD psia)
	.05% FSO

	TBD
	Pressure Transducer, Outlet
	0-68.9 kPad (0-10 psid)
	.05% FSO


Table 3.2.6.2-1 – On-board Sensors for Control

Rationale: On-board sensors are required to facilitate feedback of outlet pressure, to engage safety features, and to allow for tracking of consumables.

3.2.6.3 Control Outputs 

TBR

3.2.6.4 Serial Communications Link

3.2.6.4.1 Protocol

The PVR shall communicate via a 2-wire RS-485 signaling bus meeting TIA-485/ISO 8482.

Rationale: While the actual signaling bus definition for the PLSS has yet to be determined, it will likely be a differential signaling bus such as RS-485 but probably customized to meet the specific requirements of the PLSS application.

3.2.6.4.2 Commands

RESERVED

Rationale: The response definitions are needed to support higher level health and status monitoring requirements [EVA2031].

3.2.6.4.3 Fault Detection

3.2.6.4.3.1 Built-In Test Equipment (BITE)

The PVR shall possess Built-In Test Equipment (BITE) functionality which verifies the health of embedded control circuitry upon power-on reset and during operation.  

Rationale: The use of BITE functionality increases the reliability of the system by allowing for enhanced detection of failures with possible recovery of soft failures. 

3.2.6.4.3.2 Functional Fault Detection

The PVR shall possess fault detection capability such that all critical functional faults, as determined by the FMEA, can be diagnosed, alarmed, and possibly corrected.  Reference Table 3.2.6.4.3.2-1 for a minimal set of faults requiring detection.

	Sensor/

Signal
	Condition
	Fault
	Shut down
	Fault Override
	When Enabled

	TBD
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Table 3.2.6.4.3.2-1 – Fault Detection Table

3.2.7 Power

3.2.7.1 Input Voltage

The PVR shall operate with a voltage input of 28 +/- 4 VDC.

Rationale: The PCAI Subsystem is currently pursuing an internal power supply voltage level that matches that provided by the vehicle in order to achieve maximum efficiency and simplicity in switching between systems.  The Constellation Program specifies the Electrical Power Quality for the 28VDC buses per CxP 70050-01 and for 28VDC loads per CxP 70050-02.  It is assumed that the PLSS will develop internal derived power quality interface specifications.  

3.2.7.2 Current Draw

3.2.7.2.1 Steady-state Operating

The PVR shall operate with a current not exceeding 250mA under steady-state operating conditions.

Rationale: The selection of the current draw for steady state operation was arbitrarily chosen to allow up to a 7W power consumption.  The goal of the design in the long term is to minimize power consumption to below 1.5W.   This is driven by the desire to reduce battery demands and the resultant impacts they have on system mass/volume.  Additionally, the intention is to also limit power consumption and resulting waste heat to the level that can be passively dissipated by isentropic gas expansion and structure contact.  The system level implementation will be simplified if the regulator control electronics do not require use of a cold-plate.

3.2.7.2.2 Maximum Transient

The PVR shall, under transient operation, not exceed a current draw of 750mA for more than 5 seconds.

Rationale: The selection of the transient current draw was driven by the goal of minimizing the transient power that the PLSS battery be required to address or that the vehicle interface be required to supply when on umbilical power.

3.2.7.2.3 Quiescent

The PVR shall, under quiescent operating conditions, not exceed a current draw of 20mA.  

Rationale: The selection of the quiescent power consumption was driven by the goal of reducing the powered, but not active operating current draw to below .5W.

3.2.7.3 Supply Voltage Drop-out

The PVR shall maintain its current pressure setting in the event that the power supply is interrupted.  

Rationale: This improves the overall reliability of the system given that loss of power due to failure of a single component such as a battery could result in premature depletion of the primary and secondary oxygen supplies were the regulator not capable of maintaining a specified setting.   

3.2.7.4 Start-up Time

The PVR should be capable of meeting operating requirements within 2 seconds from the time power is applied.

Rationale: This is a relatively arbitrary specification value at this point.  However, as the CSSE evolves, constraints will be applied for response times for power-loss recovery, etc.  The value was chosen as “nearly instantaneous” with respect to the Crew observation for a power restart.

3.2.8 Mass

The PVR shall have a mass that is less than [1.6 kg] 3.5 lbs in flight configuration.

Rationale: The mass value is seeking an improvement noting that the Shuttle EMU SOP Regulator is 4 lbs and the operating pressures are 2x higher.   

3.2.9 Volume

The PVR shall have a volume that is less than 410 cc [25 in3].

Rationale: The volume is based on a form-factor of 6.4 cm [2.5in] diameter cylinder with a 13cm [5 in] length with the assumption that the cylinder form-factor is mounted transverse to the Primary Oxygen Vessel (POV) center-line. Volume requirements will be housed in the ICD which defines the interfaces to the PLSS.  Minimizing the volume is a goal for the development process as the regulator design matures.
3.3 Interface Requirements

3.3.1 Interface Diagram

RESERVED

3.3.2 Structural

The PVR shall mount directly to the Primary Oxygen Vessel (POV) as defined in TBD.  

Rationale: Improved packaging density; this is the baseline configuration included in ESR-2 and all current PLSS design work.

3.3.3 Electrical

3.3.3.1 Control Interface

The PVR shall possess a control interface port connector (PT06A-12-8S) via which power and communications are provided.  Reference Figure 3.3.3.1-1 for the layout.

	Layout
	Pin Function

	[image: image13.emf]
	A RS-485A (+)

B No Connection

C No Connection

D No Connection

E Supply Return

F (+) Supply 28 VDC

G RS-485 B (-)

H RS-485 Ground




Figure 3.3.3.1-1 – Layout of Bendix PT06A-12-8S per MIL-C-26482, Series I

Rationale: Standard Mil-spec connector of arbitrary selection and certainly negotiable.  As the PCAI interface is solidified, the connector choice will be harder to change.

3.3.3.2 Diagnostics Port

The PVR shall possess a diagnostic port interface port connector (TBD) via which individual diagnostics lines (analog, DIO, etc) are brought out for the purposes of testing the controller.

Rationale: A diagnostics port connector is required to perform functional acceptance of the controller.  If this functionality can be made available via the Control Interface with a minor increase in size, etc, then this connector may not be required.

3.3.4 Fluid

3.3.4.1 Prototype Test Interfaces

3.3.4.1.1 Inlet

The PVR shall include a ¼ inch male inlet port per AS4395-G-04.  

Rationale: Simple and common test fitting that does not require additional hydrostat at JSC.  The test rig mating fitting will be per AS1708-04.

3.3.4.1.2 Interstage

The PVR shall include a ¼ inch male interstage test port per AS4395-G-04. 

Rationale: Simple and common test fitting that does not require additional hydrostat at JSC.  The test rig mating fitting will be per AS1708-04. Due to the nature of the bench-top prototype design, there may or may not be an interstage, the sub-paragraph only applies if one is present in the design.

3.3.4.1.3 Outlet

The PVR shall include a 3/8 inch male outlet port per AS4395-G-06.  

Rationale: Simple and common test fitting that does not require additional hydrostat at JSC.  The test rig mating fitting will be per AS1708-06.

3.3.4.2 Proto-flight Interfaces

RESERVED

3.3.5 Crew/Human Factors

3.3.5.1 Indicators

The PVR shall include visual indicators as listed in Table 3.3.5.1-1:

	Indicator
	Description

	Green (solid)
	Power [ON]

	Green/Red
	Status [NOMINAL/FAULT]

	Orange
	Link [SERIAL LINK]


Table 3.3.5.1-1 – Visual Indicators Table

Rationale: Indicators that are visible to the Crew are helpful in quickly discerning the status of the system and also in troubleshooting issues.

3.3.5.2 Pressure Gauges

The PVR shall include a small inlet supply pressure indicator gauge with a range of 0-5000 psia in increments of 500 psi minimum and a face diameter of approximately 1-2 cm [.3-.7 in].

Rationale: A quick indication of inlet supply pressure (i.e. bottle pressure) without the requirement to interface and power up the avionics is essential is quickly assessing the status of the system.

3.3.5.3 Connection Markings

The PVR inlet and outlet connections shall include both alignment and engagement markings.

Rationale: The inlet and outlet connections will be mated/demated by CM during the mission.  If the connections are orientation or engagement sensitive, then visual indicators and/or aids need to be marked on the connections to mitigate misconnection and decrease mission time required to mate the connection.

3.3.5.4 Touch Temperature

The PVR shall maintain exposed surface temperatures to less than the maximum incidental touch temperature as defined in CxP 70024, Human-Systems Integration Requirements, Section 3.3.4.1 during IVA operations excluding invasive maintenance.

Rationale: Invasive maintenance is considered to be unscheduled PLSS component changeout and troubleshooting within the PLSS package beyond the replacement of consumables. This is intended to prevent crew injury from contact with the PLSS. For circumstances where invasive maintenance is required, a hazard assessment will be performed for the particular maintenance operation and appropriate personal protection equipment (PPE) will be used. [CSSE3041].

3.3.5.5 Sharp Edge Limits

The PVR should comply with the Corners and Edges limits established in Table 3.3.6.5-1.

[image: image14.emf]
Table 3.3.5.5-1 – Corners and Edges

Rationale: The HSIR, Section 3.3.2 Mechanical Hazards requires this for Crew interfaces.  The PVR is contained within the PLSS package and would only be accessible to the Crew during invasive maintenance.  Hence, the PVR should, at minimum break all edges to .010in, and implement more highly radiussed edges and corners where the implementation does not conflict with performance and physical requirements.

3.4 Maintainability

3.4.1 Like-Component Interchangeability
The PVR shall be interchangeable per the definition contained in JSC EA-WI-027, Configuration Management Requirements.

Rationale: All like part numbers will be able to replace each other. [CSSE0048]
3.5 Environments

3.5.1 Pressure

3.5.1.1 Ambient Pressure

The PVR shall operate in a pressure environment ranging from 0.0 to 101 kPa [0.0 to 14.7 psia].

Rationale: The Suit Element is required to operate within standard vehicle conditions and ground-based testing, as well as during in-space operations performed at vacuum. [CSSE0079].

3.5.1.2 Operate after Instantaneous Cabin Depress

The PVR shall function after an ambient environment pressure drop from 101kPa [14.7 psia] to 0 kPa [psia] in 10 seconds.

Rationale:  Rapid changes in cabin pressure, while not planned due to inner ear limitations for the crew, are possible.  

3.5.2 Temperature

The PVR shall operate during and after exposure to temperatures of 4 °C [40 °F] to 71 °C [160 °F].

Rationale: This will be a derived requirement based on system packaging yet to be performed and thermal environmental loads described in the Constellation Program Thermal Environments Design for EVA (TEDE).  The current specification is a working range for development and will be further refined as the packaging and thermal load cases are better refined. [CSSE0006].

3.5.3 Humidity

The PVR shall operate in an environment with Relative Humidity (RH) cycling between 0% and 100% for ten 24 hr cycles.

Rationale: This specification was borrowed from the Shuttle EMU; a corollary specification will be derived from the CxP documents when they are released.  A cycle is defined as a variation in RH between 0% to 100% and back to 0%.

3.5.4 Gravitational Fields

The PVR shall operate in any orientation in the gravitational fields defined in Table 3.5.4-1.

	Location
	Gravity Field (g)
	Operation

	Earth
	1
	Pre-flight acceptance testing, flight training, integrated thermal-vacuum chamber testing, maintenance, and all lab testing.

	Moon
	0.17
	Pre-EVA checkout, reconfiguration, maintenance, and all EVA operations

	Mars
	0.38
	Pre-EVA checkout, reconfiguration, maintenance, and all EVA operations

	Space
	~0
	Pre-EVA checkout 


Table 3.5.4-1 – Gravitational Fields

Rationale: The PVR must perform in a variety of gravity fields to meet system performance requirements.

3.5.5 Dynamic Loads

3.5.5.1 Acceleration Random/Vibration

The PVR shall operate after exposure to TBD vibration profile for TBD seconds.

Rationale: The PVR needs to tolerate launch vibe for the Aries V heavy lifter vehicle along with Altair landing loads on the Lunar Surface before usage.

3.5.5.2 Impact Shock/Loads

3.5.5.2.1 Non-Operating

The PVR shall operate after exposure to TBD shock loading.

Rationale: The PVR needs to operate after handling shock.

3.5.5.2.2 Operating

The PVR shall operate during and after exposure to TBD shock loads.

Rationale: The PVR needs to operate during and after falls on the Lunar surface.

3.5.6 Lunar Dust

The PVR shall operate during and after exposure to the dusty environment per MIL-STD-810F, Method 510.4 using lunar soil simulant JSC-1A.

Rationale: The PLSS packaging should limit dust exposure to the PVR by design.  This requirement is a conservative requirement meant to drive evaluation of the PVR design with respect to dust tolerance.  [CSSE3101]  The MIL-STD-810F reference is a carryover for handling of the Shuttle EMU and will be updated with Lunar Regolith specific test methods currently under development.

3.5.7 DC Magnetic Field

The PVR shall operate during and after exposure to a DC Magnetic Field of 250 Gauss.

Rationale: CxP 70130, EVA Design & Construction Spec requires that the vehicle limit magnetic fields within EVA Worksites and Translation path to 250 Gauss. The Suit Element is not expected to shield the crewmember from this field, but it is expected to function nominally in this environment [CSSE3013].  Although PLSS packaging may provide some attenuation, the PVR needs to be evaluated against it at the component level.

3.5.8 External Electromagnetic Environment

The PVR shall meet its requirements in the presence of the external electromagnetic environment defined in CxP 70080, Electromagnetic Environmental Effects (E3) Requirements Document.

Rationale: All Suit Element systems, subsystems, and equipment must be compatible with the external electromagnetic environment in order to meet Constellation architecture operations and performance requirements. [CSSE0077]

3.5.9 Salt Fog

RESERVED

3.5.10 Fungus

RESERVED

3.5.11 Ozone

RESERVED

3.5.12 Solar Radiation

RESERVED

3.5.13 Acoustics

RESERVED

3.6 Induced Environmental Contributions

3.6.1 Noise Limits

The PVR shall limit noise output to a maximum A-weighted overall Sound Pressure Level (SPL) of 55 dB as measured through the outlet flow path.

Rationale: This is required to meet higher level system noise requirements [CSSE0055].  The actual number is somewhat arbitrarily set below the system-level specification with the assumption that the PVR contribution to the system level noise output will be minor.  The actual requirement will be derived as the helmet/PGS design mature allowing for better characterization of the required background noise limits that embedded communications will require.

3.6.2 Out-gassing/Off-gassing

The PVR, in the delivered flight configuration or as part of in-flight maintenance, shall only use chemicals that are classified as Toxic Hazard Level 3 or below as defined by CxP 70024, Human-Systems Integration Requirements, Table C-1.

Rationale: This is a derived requirement that satisfies the Hazardous Chemicals, Toxic Level 3 requirement as applied to the habitable volume of the vehicle. The PLSS is both a part of the habitable volume of the vehicle and a standalone habitable volume. Analysis of external PLSS surfaces should consider the vehicle habitable volume and analysis of internal PLSS surfaces must consider the CSSE habitable volume. Hazardous chemicals used in a specific application, such as the vacuum-cycling amine CO2 scrubber or a battery, that may violate this requirement will require a containment assessment as part of the design verification process.[CSSE3027].

3.6.3 RF Field Radiation

The PVR shall limit emissions of radio-frequency electromagnetic fields such that the exposure of the suited crewmember does not exceed the limits specified in CxP 70024, Human-Systems Integration Requirements, Table C-3/Figure C-3.

Rationale: This is a derived requirement that seeks to limit the radio-frequency electromagnetic emissions of the Suit Element such that the crew's exposure does not exceed the imposed limitations using the Suit Element as a sole source. It does not imply that the Suit Element is required to provide shielding against unquantifiable field strengths to meet this requirement.

3.6.4 Electromagnetic Compatibility

The PVR shall be electromagnetically compatible with external interfaces in accordance with CxP 70080, Electromagnetic Environmental Effects (E3) Requirements Document.

Rationale: Suit Element systems, subsystems, and equipment must be compatible with external interfaces in order to meet Constellation architecture operations and performance requirements. External interfaces include interfaces with transportation  systems, recovery systems, radio frequency systems, range safety, and other vehicles (e.g., Lander). [CSSE0076].

3.7 Reliability

3.7.1 Lunar Outpost LOM Contribution Limit

The PVR shall have a failure rate not in excess of 1 in TBD.

Rationale: The 1 in TBD means a probability of LOM during any lunar outpost crew mission due to the PVR. This requirement is driven by CxP 70003-ANX01, Constellation Program Plan, Annex 1: Need, Goals, and Objectives (NGO), Safety Goal CxP-G02: Provide a substantial increase in safety, crew survival and reliability of the overall system over legacy systems.

3.7.2 First-stage Failure

The PVR shall include a lower stage capable of meeting regulation and flow operating requirements in the event that the first-stage fails open.

Rationale: This is intended to add internal redundancy to the Primary Variable Regulator (PVR) in order to increase system robustness.

3.7.3 Failure Mode: Fail Open

The PVR shall be designed to fail open in any credible failure mode as defined in the Failure Modes and Effects Analysis (FMEA).  

Rationale: Resultant open loop purge provides the ability to meet critical life sustaining requirements such as pressurization and ventilation for some amount of time given that regulator flow restriction and appropriate system relief valve sizing accommodates the failed open mode.  

3.7.3.1 Fail Open Maximum Flow rate

In the event of a failed open regulator, the PVR shall limit the flow rate to 7.49 lbs/hr at a supply pressure of 25.8 MPa [3750 psia] and temperature of 4 °C [40 °F].

Rationale: The maximum flow of a failed open regulator must be balanced by the system relief valve to prevent system over-pressurization.  The detailed numbers presented here are mostly taken from the Shuttle EMU and will be further refined during the development of the system schematic and components. [CSSE3051]

3.7.3.2 Failure Mode: Catastrophic External Leakage

The PVR shall be designed such that no single credible failure shall result in an external leakage greater than 2.3 kg/hr [5.0 lbs/hr] at a suit pressure of 30 kPa [4.4 psia].

Rationale: The external leakage flow for all credible failure modes needs to be less than make-up flow from the secondary oxygen supply.  The detailed numbers will be further refined during the development of the system schematic and components for the CSSE PLSS.

3.8 Design and Construction

3.8.1 Spacecraft Standards (JPR 8080.5)

The PVR shall comply with the requirements in JPR 8080.5, JSC Design and Procedural Standards, except the following sections: G-26, G-27, G-28, G-29, G-37, G- 39 through G-49, G-54, E-2, E-6, F-5, F-6, F-10, F-12, F-14, F-15, F-21, F-23, F-25, F- 28, MS-4, MS-6, MS-12 and 2.6 (TBR).

Rationale: Specific design standards required with which NASA programs must comply in order to qualify for a human-rating certification are specified in Chapter 2 of NPR 8705.2A. JPR 8080.5 was reviewed and the exceptions noted were considered not applicable to the PVR. [CSSE0080].

3.8.2 Structural Design and Verification Requirements Compliance

The PVR shall comply with CxP 70135, Structural Design and Verification Requirements per the Applicability Table.

Rationale: CxP 70135 presents common structural design and verification requirements to ensure consistent design, development, and verification of Constellation hardware. When the various Constellation systems are assembled [e.g., the CEV integrated with the Crew Launch Vehicle (CLV)], some analyses and/or tests of the integrated system are necessary to verify that the assembled system meets the requirements of CxP 70135.[CSSE0032].

3.8.3 Design and Development for Mechanisms

The PVR shall comply with NASA-STD-5017, Design and Development Requirements for Mechanisms.

Rationale: This standard establishes uniform design and development requirements for the design of mechanisms whose correct operation is required for safety or program success. It defines requirements for flight mechanisms that are designed, built, or acquired by or for NASA. [CSSE0084]

3.8.4 Electrical Bonding

The PVR shall meet the electrical bonding requirements of NASA-STD-4003, Electrical Bonding for NASA Launch Vehicles, Spacecraft, and Flight Equipment.

Rationale: Proper electrical bonding is required to meet performance, safety, and electromagnetic compatibility requirements. [CSSE0078]

3.8.5 Fracture Control

The PVR shall comply with NASA-STD-(I)-5019, Fracture Control Requirements for Spaceflight Hardware.

Rationale: This document establishes the fracture control requirements for all human-rated spaceflight systems including payloads, propulsion systems, orbital support equipment, and planetary habitats. These requirements are not imposed on systems other than human-rated spaceflight but may be tailored for use in specific cases where it is prudent to do so, such as when national assets are at risk. [CSSE0083]

3.8.6 Hardware Identification

The PVR shall be labeled with name, part number, and serial number per criteria specified in NASA-STD-6002B, Applying Data Matrix Identification Symbols on Aerospace Parts.

Rationale: It is desired to be able to identify hardware parts for logistics and configuration control. Labeling of equipment ensures efficient identification, which lowers risk of improper use and optimizes use of crew time. It may also be used to identify hardware promptly and assist in failure investigation after a catastrophic landing.

3.8.7 EEE Parts

RESERVED

3.8.8 Radiation Hardening

RESERVED

3.8.9 Standard Materials and Process Requirements

The PVR shall comply with NASA-STD-(I)-6016, Standard Material and Process Requirements for Spacecraft.

Rationale: This document defines the minimum requirements for manned spacecraft materials and processes (M&P) and provides a general control specification for incorporation into NASA program/project hardware procurements and technical programs. [CSSE0085]

3.8.10 Design Features for Oxygen Compatibility

Each of the sub-paragraphs within this section seeks to mitigate contributors to a particular ignition mechanism in an oxygen system. 

3.8.10.1 Cleanliness

The PVR shall be initially cleaned and maintained clean to Level 100A or better per JPR 5322.1.

Rationale: The specified cleanliness level for the high pressure oxygen loops in the CSSE ERD is Level 100A.  This rating limits the Non-Volatile Residue (NVR) to 1 mg/ft2 and the particle size distribution below 100 microns.  Both of these limits are administrative controls intended to mitigate kindling chain and particle impact ignition mechanisms respectively.

3.8.10.2 Filtration

The PVR shall include, between all active details and in front of critical details, filter elements which are constructed of Nickel and rated to 25 microns absolute.

Rationale: The selection of this filter size and the specification of locations seeks to mitigate the particle impact ignition mechanism.

3.8.10.3 Contamination Tolerance

The PVR shall not ignite or indicate signs of combustion when operated with up to 100 mg/ft2 of medium weight hydrocarbon oil coating the wetted parts/passages.

Rationale: As a result of the system-wide EMU contamination failure (H-EMU-000—001) in which the entire Shuttle EMU fleet was shutdown to investigate hydrocarbon contamination of the primary and secondary oxygen systems including all interfacing systems, the EMU SOP now utilizes a gas mass tracking system to administratively mitigate the risk of kindling chain contamination of the I-213 SOP Regulator and other system components.  In order to increase system robustness and avoid the same logistical nightmare for the Constellation Spacesuit, the regulator and components need to be designed to mitigate ignition in the presence of kindling chain contaminants.

Acronyms and Abbreviations

	BITE
	Built-In Test Equipment

	CARD
	Constellation Architecture Requirements Document

	CEV
	Crew Exploration Vehicle

	CIL
	Critical Items List

	CLV
	Crew Launch Vehicle

	CM
	Crew Module / Configuration Management

	CSSE
	Constellation Space Suit Element

	CTSD
	Crew and Thermal Systems Division

	Cx
	Constellation

	CxP
	Constellation Program

	CxPO
	Constellation Program Office

	DAQ
	Data-AcQuisition 

	DSNE
	Design Specification for Natural Environments

	E3
	Electromagnetic Environmental Effects

	EMU
	Extravehicular Mobility Unit

	ERD
	Element Requirements Document

	ETDP
	Exploration Technology Development Program

	EVA
	Extravehicular Activity

	FMEA
	Failure Mode and Effects Analysis

	GOX
	Gaseous Oxygen

	GS
	Ground Systems

	GSE
	Ground Support Equipment

	HSIR
	Human Systems Integration Requirements

	ICD
	Interface Control Document

	IRD
	Interface Requirements Document

	IVA
	Intra-Vehicular Activity

	JPR
	JSC Procedural Requirement

	JSC
	Johnson Space Center

	LOC
	Loss of Crew

	LOM
	Loss of Mission

	LRU
	Line-Replaceable Unit

	LSAM
	Lunar Surface Access Module also known as “Altair”

	MEOP
	Maximum Expected Operating Pressure

	NASA
	National Aeronautics and Space Administration

	NGO
	Needs, Goals, and Objectives

	NVR
	Non-Volatile Residue

	PCAI
	Power Communications Avionics and Informatics

	PLSS 
	Primary Life Support System or Portable Life Support System

	POV
	Primary Oxygen Vessel

	PVR
	Primary Variable Regulator

	RH
	Relative Humidity

	SOP
	Secondary Oxygen Pack

	SPL
	Sound Pressure Level

	T&V
	Test and Verification

	TBD
	To Be Defined

	TBR
	To Be Resolved

	UTC
	Universal Time Code

	VER
	Variable Electronic Regulator

	VIE
	Vehicle Interface Element
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