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1.0 SCOPE

This specification defines the physical characteristics, performance requirements, operational environments, and quality assurance requirements for the Solar Dynamics Observatory (SDO) Propulsion Subsystem pressure regulators.  The SDO Propulsion Subsystem will use two identical pressure regulators.  Each regulator will be a series redundant configuration.

1.1 IDENTIFICATION

464-PROP-SPEC-0070: SDO, Propulsion Subsystem, Specification, Pressure Regulator

1.2 DEFINITIONS,GLOSSARY AND ACRONYMS

	ACS
	Attitude Control Subsystem

	CM
	Center of Mass

	EOL
	End-Of-Life

	GEVS
	General Environmental Verification Specification

	GSFC
	Goddard Space Flight Center

	MAR
	Mission Assurance Requirements

	MEOP
	Maximum Expected Operating Pressure

	MGSE
	Mechanical Ground Support Equipment

	MMH
	MonoMethylHydrazine (fuel)

	MON-3
	Multiple Oxides of Nitrogen (oxidizer)

	NASA
	National Aeronautics and Space Administration

	NTO
	Nitrogen Tetroxide

	S/C
	Spacecraft

	sccs
	Standard cubic centimeters per second

	SPL
	Sound Pressure Level

	SDO
	Solar Dynamics Observatory


APPLICABLE DOCUMENTS

The following list represents all documents which will govern the design, construction, and testing of the pressure regulator. If no revision or date is specified for the document, the latest issue at the time of contract release shall apply.

1.2.1 MILITARY DOCUMENTS

	MIL-PRF-27401
	Propellant, Nitrogen, Pressurizing Agent

	MIL-PRF-27407B
	Propellant, Helium, Pressurizing Agent

	MIL-STD-1540B
	Test Requirements for Space Vehicles

	MIL-PRF-27415A
	Propellant Pressurization Agent, Argon

	MIL-PRF-26539E
	Propellant, Nitrogen Tetroxide (MON 3, Low Iron)

	MIL-PRF-27404C
	Propellant, Monomethylhydrazine

	EWR-127-1
	Range Safety


1.2.2 FEDERAL DOCUMENTS

	TT-I-735
	Isopropyl Alcohol


1.2.3 NASA DOCUMENTS

	JSC-SPEC-C-20C
	Water, High Purity, Specification for


1.2.4 SDO DOCUMENTS

	464-SPEC-LEGL-0029
	Statement of Work for SDO Propulsion Subsystem Pressure Regulator


2.0 GENERAL REQUIREMENTS

2.1 OPERATING FLUID

The regulator shall meet all performance requirements of this specification using gaseous helium per MIL-PRF-27407B.

2.2 TEMPERATURE

The regulator operating, acceptance and qualification temperatures are listed in Table 1.

Table 1: Regulator Temperatures

	
	Operating Temperature (( C)
	Acceptance Temperature (( C)
	Qualification Temperature ((C)

	Minimum
	-40
	-45
	-50

	Maximum
	40
	45
	50


2.3 SUPPLY PRESSURE

The regulator shall operate with supply (inlet) pressures ranging from 450 psi (3.10 MPa) to 4200 psi (29.0 MPa) over the temperature range specified in Section 2.2.  This supply pressure shall apply to both stages of the regulator.

2.4 INLET PROOF PRESSURE

The regulator shall meet all performance requirements after a proof pressure of no less than 6300 psi (43.4 MPa) (1.5(MEOP) without any permanent physical deformation, yielding or cracking.

2.5 BURST PRESSURE

If burst pressure testing is not performed, compliance with the requirements of this section shall be verified by analysis.  This requirement refers to sections 2.6 and 2.12.

2.6 INLET BURST PRESSURE

The regulator inlet shall withstand pressurization to 10500 psi (72.4 MPa) (2.5(MEOP) minimum for at least two minutes without rupture.  Operation after exposure to burst pressure is not required.

2.7 PRESSURE

The regulated output pressure requirements shall be established by the use of a single multi-stage regulator or two single-stage regulators in series.  The setpoints of the regulator stages shall conform to the values in Table 2 or as negotiated with NASA.

Table 2: Regulator Delivery Pressure

	Stage
	Lock-up pressure, psia (MPa)
	Regulating pressure, psia (MPa)

	Redundant 
	277 (1.91)
	267 (1.84)

	Primary
	270 (1.86)
	260 (1.79)


2.8 FLOW RATE

The regulator shall be capable of providing a minimum flow rate of 8.0 scfm.

2.9 OUTLET MEOP

The regulator shall be designed for a maximum expected outlet pressure of 300 psia (2.07 MPa) in the lock-up condition (no flow).

2.10 RESERVED

2.11 OUTLET PROOF PRESSURE

The regulator shall meet all performance requirements after a proof pressure test to 450 +15/-0 psi (3.10 ( 0.1 MPa) without any permanent physical deformation, yielding or cracking.

2.12 OUTLET BURST PRESSURE

The regulator outlet shall withstand pressurization to 1500 psi (10.3 MPa) minimum for at least two minutes without rupture.  Operation after exposure to burst pressure is not required.

2.13 EXTERNAL LEAKAGE

The pressure regulator shall demonstrate a total leakage rate of no greater than l(l0-6 sccs of GHe with over the temperature and pressure ranges stated in Sections 2.2, 2.3, and 2.7.  External leakage shall be verified by test at the maximum and minimum temperature limits given in Section 2.2.

2.14 INTERNAL LEAKAGE

The leakage past the closed regulator shall not exceed 10 scc/hour GHe.  The internal leakage requirement shall be met when the regulator inlet is at the full range of pressures defined in Section 2.3 and the outlet is at lockup pressure.  This requirement shall be satisfied over the complete temperature range stated in Section 2.2.  During vibration per the requirements of Section 2.24, the above internal leakage requirement shall not apply.

2.15 PRESSURE OSCILLATIONS

The regulator shall provide flow stability during steady state flow.  The pressure oscillations shall not exceed ( 2 psi (0.014 MPa) when operating over the ranges stated in Sections 2.2, 2.3 and 2.16.

2.16 PRESSURE TRANSIENTS

The regulator shall meet all performance requirements specified herein after pressurization of the upstream side to 4000 psi (27.6 MPa).  During pressure transients, the outlet pressure over shoot shall be such that the outlet pressure is never greater than 300 psi (2.07 MPa).  The regulator shall be capable of meeting this requirement in the following configuration:  The orifice shall completely open within 10 ms.  The volume between the orifice and the regulator inlet shall be no greater than 1.0 cubic inches (16.4 cc).  The volume downstream of the regulator shall be no greater than 1500 cubic inches (24581 cc).  The regulator outlet shall be pressurized initially to 100 psi (0.69 MPa) maximum.

2.17 FLUID COMPATIBILITY

The pressure regulators, including all welds, shall show no degradation due to exposure for a 5 year period, to any of the following fluids:

· MMH per MIL-PRF-27404C

· Nitrogen Tetroxide (MON 3) per MIL-PRF-26539E

· Helium per MIL-PRF-27407, Type I, Grade A

The pressure regulators, including all welds, shall show no degradation after short-term exposure to any of the following fluids:

· Nitrogen per MIL-PRF-27401, Grade B

· Deionized and Distilled Water per JSC-SPEC-C-20C

· Isopropyl Alcohol per TT-I-735 (Grade A)

· Argon per MIL-PRF-27415A

· Xenon

After exposure to any of the above liquids, the pressure regulator shall be flushed and dried by vendor prepared and NASA approved procedure.

2.18 FILTERS

The pressure regulators shall be equipped with inlet and outlet filters.

2.19 STAGE LOCK-OUT

The regulators, with the use of a tool, shall be capable of having one stage mechanically locked out to allow testing of the other stage.

2.20 STATIC LOADS

The pressure regulators shall demonstrate the ability to survive interface limit loads of Table 3.  Loads are considered to act in any direction.  Structural analyses shall be performed to show positive margins of safety using a factor of 1.25X with regard to yield and 1.4X with regard to ultimate material strength.

Although the limit loads of Table 3 attempt to account for dynamic loading, use of these values does not eliminate the need to consider the dynamic environments in design and analysis.

Table 3: Component Limit Loads

	Limit Loads
	Qualification Loads

	40.0 g’s vector in any direction
	50.0 g’s vector in any direction


2.21 SHOCK

The pressure regulators shall be capable of withstanding the predicted payload separation shock levels in Table 4. 

Table 4: Shock Levels (from payload separation) (Q=10)

	Frequency

(Hz)
	Acceptance level
	Qualification (Protoflight and Prototype) Level

	100
	44 g
	61.6 g

	100-800
	+9.0 dB/Oct
	+9.0 dB/Oct

	800-3000
	978 g
	1369.2 g

	3000-10000
	+1.4 dB/Oct
	+1.4 dB/Oct

	10000
	1303 g
	1824.2 g


MINIMUM NATURAL FREQUENCY

The unit shall have a minimum structural fundamental frequency of 50 Hz. at fixed base. Flexures are considered as part of the component.  This requirement shall be verified by test during structural sine sweep testing.

2.22 VIBROACOUSTIC LOADS

The regulator shall demonstrate the ability to survive the envelope of the random vibration limit levels of Table 5, with appropriate factor.  Levels are to be applied in each component axis separately.

Table 5: Component Random Vibration Limit Levels

(Weight < 50lbs)

	Axis
	Frequency
	Acceptance 

(Flight) LEVELS
	Qualification

(PROTOFLIGHT and PROTOTYPE) LEVELS

	All
	20 Hz

20-50 Hz

50-800 Hz

800-2000 Hz

2000 Hz
	0.013 g2/Hz

+6 dB/octave

0.08 g2/Hz

-6 dB/octave

0.013 g2/Hz
	0.026 g2/Hz

+6 dB/octave

0.16 g2/Hz

-6 dB/octave

0.026 g2/Hz

	
	Overall
	10.0 grms
	14.1 grms


2.23 Thermal Vacuum Acceptance Test

The regulator shall be cycled in vacuum from –45 to +45 (C. Each component will be cycled 8 times with a minimum of 2 hour soaks at each plateau. Chamber pressure will be less than 1.33x10-3 Pa (1x10-5 Torr).  

Regulators shall be in flight configuration.  However, in cases that do not involve mechanisms, thermal blankets may be omitted to speed the transition times between temperature extremes.

1 =
Soak at test temperature 2 hours, run performance test 

Figure 1: Thermal Vacuum Cycles

 OPERABILITY

2.24 DESIGN LIFE

The pressure regulator shall be capable of being used for a minimum of 11.5 years without requiring repair, maintenance, or retesting. The un-fueled storage temperature shall be between 5 (C and 45 (C with relative humidity between 0% and 100%.  The design life is based on the sum of the following requirements:

1. One (1) year of system integration and test.

2. Five (5) years of ground storage after completion of system test.

3. One half (0.5) year of ground storage after fueling.

4. Mission life of 5 years.

2.25 PRESSURE CYCLE LIFE

The pressure regulator shall maintain the operational requirements specified in this document after 25000 operations when flowing pressurant through the unit at the expected operating pressures and temperatures.  The regulator shall maintain the internal and external leakage requirements specified in this document after 25000 additional cycles under the same conditions.

DESIGN AND CONSTRUCTION

The pressure regulator assembly shall be designed, developed, and qualified for space vehicle use in accordance with EWR-127-1.

2.26 MASS

The pressure regulator weight shall not exceed 4 kg.

2.27 FLUID INTERFACES

The fluid interface on both the inlet and outlet of the regulator shall consist of straight tubing that can later be welded directly to the SDO propulsion module.  The interface tubes shall have the following characteristics:

1. Material: 3Al-2.5V titanium.

2. End outside diameter: 0.250 inches.

3. End wall thickness: 0.028 inches.

4. Length of tube shaft: > 4.0 inches.

The interface tubes may be made from an alternate material only if approved by NASA/GSFC.  If fluid interface tubes are not of the same material as the regulator body, they shall be installed before the regulator is delivered.  The regulator shall meet all functional and operability requirements in this specification with the interface tubes installed.

2.28 MOUNTING

The mounting of the regulator shall be per GSFC approved vendor design.

2.29 DRAWINGS

Drawings shall be provided of the inlet and outlet tube details and standoffs, mounting interface details (ICD), and overall assembly.

QUALITY ASSURANCE PROVISIONS

2.30 TEST TOLERANCES

The test condition tolerances shall meet all requirements set forth in MIL-STD-1540B. Additionally, the following tolerances shall apply:

2.31 TEST MEASUREMENTS

All test measurement devices and instrumentation shall be in compliance with MIL-STD-45662.

2.32 QUALIFICATION TESTS

The qualification of the regulator shall be conducted per vendor-prepared, NASA-approved verification matrix.

2.33 QUALIFICATION BY SIMILARITY

If the regulator is an existing, qualified design, the qualification report shall be supplied and all areas where the requirements from this document exceed those demonstrated shall be identified.

2.34 TESTING OF PROTOTYPE HARDWARE

Prototype hardware consists of units tested to qualification levels and qualification durations in a full or partial (delta) qualification test program.  Prototype hardware shall not be used for flight.

2.35 TESTING OF PROTOFLIGHT HARDWARE

Protoflight hardware consists of units intended for flight and tested to qualification levels with acceptance durations.  If a particular requirement can be met by similarity to previous qualification testing, the hardware need only be tested to acceptance levels for that requirement.

2.36 INSPECTIONS

The pressure regulator shall be verified by inspection for the following items:

  Workmanship

  Identification

  Dimensions

2.37 ACCEPTANCE TESTS AND DESCRIPTIONS

The following sequence of tests and the additional requirements in EWR-127-1 and in the verification matrix shall constitute the acceptance program required for the pressure regulator. The acceptance test procedures shall be vendor prepared and submitted for NASA approval.

· Product Examination

· Proof Pressure

· External Leakage

· Internal Leakage (each stage)

· Flow Test

· Lockup Test

· Overshoot Test

· Loads (if required)

· Random Vibration

· Shock (if required)

· Thermal Vacuum Test

· Mass

· Cleanliness

2.37.1 PRODUCT EXAMINATION

The pressure regulator shall be carefully examined for visible defects or any other imperfections that would result in rejection of this pressure regulator. This inspection shall include a dimensional verification.

2.37.2 PROOF

The pressure regulator shall be pressurized to the level stated in Sections 2.4 and 2.11 at a rate not to exceed 0.34 MPa/30 sec (50 psi/30 sec).

2.37.3 EXTERNAL LEAKAGE

The external leakage shall be in compliance with Section 2.13 of this document.

2.37.4 MASS

The pressure regulator, clean and dry, shall be weighed and recorded to the nearest 0.1 kg and shall demonstrate compliance with Section 4.1 of this document.

2.37.5 CLEANLINESS

The pressure regulator shall be cleaned and verified clean to level 100A per IEST-STD-1246D as modified by Table 6 below, in accordance with vendor procedures approved by NASA.

The interior of each flight pressure regulator shall be cleaned via vendor supplied, NASA approved procedure to the level in Table 6.

Table 6: Cleanliness Specification

	Particle Size Range ((m)
	Maximum Allowed per 100 mL

	0 to 5
	Unlimited

	5 to 15
	265

	15 to 25
	78

	25 to 50
	11*

	50 to 100
	1*

	101 and over
	0


* No Metals Allowed

2.37.6 LOADS TEST

•
Structural design loads per the levels in Table 3 shall be applied to prototype or protoflight hardware.  There is no requirement to strength test flight hardware that has already been strength tested through a prototype or protoflight program (ie, there is no “acceptance level” strength test requirement for flight hardware).

Structural Loads testing can be verified by performing either a fixed frequency Sine Burst test, or a series of static loads pull tests.

No permanent deformation may occur as a result of the loads test, and all applicable alignment requirements must be met following the test.  Components that require alignment will have an alignment check following loads testing.  A performance test will be conducted to verify that no damage occurred due to the loads test.

Components do not have to be powered during static loads tests.

2.37.6.1 SINE BURST

A simple Sine Burst test following the random vibration test in each axis is a convenient method to conduct a structural loads test.  This test applies a ramped sine input at a sufficiently low frequency such that the test item moves as a rigid body.  An analysis is required to show that a base drive Sine Burst test will not cause over-test or under-test in some areas of the structure.

Duration:  5 cycles of full level amplitude.

2.37.6.2 Static pull

Static pull tests are another method to perform loads testing and can be applied at flight interfaces in a static test facility.  The loads can be applied either as component loads applied simultaneously, or the single resultant vector load can be applied to the test point.  Strain gages are generally positioned around the test point to verify deflection predictions from the analytical model. 

Test Duration:  30 seconds

2.37.7 SHOCK TEST

The vendor must demonstrate that they are not sensitive to the shock levels given in section 2.21 or they must test each unit.

2.37.8 RANDOM VIBRATION

The regulator shall be subjected to a random vibration test along each axis to the appropriate levels shown in Section 2.23.  The test item shall be mounted to the test fixture as it would be mounted to the spacecraft.  A functional test shall be performed before the start of testing and after a test in each axis.

Prior to the test, a survey of the test fixture/exciter combination will be performed to evaluate the fixture dynamics and the proposed choice of control accelerometers.

The duration for the test shall be 1 minute per axis for Acceptance and Protoflight Test and 2 minutes per axis for Prototype Tests.

2.37.9 THERMAL VACUUM TEST

All components shall be cycled in vacuum at temperatures beyond those predicted on orbit.  Each component shall be cycled a total of eight (8) times at the component level.  During these tests, chamber pressure shall be less than 1.33 X 10-3 Pa. (1 X 10-5 torr).  

Components shall be in flight configuration.  However, in cases that do not involve mechanisms, thermal blankets may be omitted to speed the transition times between temperature extremes.   

2.38 EWR COMPLIANCE

The vendor shall provide a table, matrix, or other form of documentation to demonstrate the pressure regulator’s full compliance with EWR-127-1.

VERIFICATION MATRIX

Compliance with the requirements specified in this document shall be in accordance with the verification and test matrix in Table 7.

Table 7: Verification and Test Matrix

	Section
	Title
	Analysis
	Accep/Insp

Tests
	Qual

	2.1 
	OPERATING FLUID
	
	
	

	2.2
	TEMPERATURE
	
	
	

	2.3
	SUPPLY PRESSURE
	
	
	

	2.4
	INLET PROOF PRESSURE
	
	
	

	2.5
	BURST PRESSURE
	
	
	

	2.6
	INLET BURST PRESSURE
	
	
	

	2.7
	PRESSURE
	
	
	

	2.8
	FLOW RATE
	
	
	

	2.9
	OUTLET MEOP
	
	
	

	2.11
	OUTLET PROOF PRESSURE
	
	
	

	2.12
	OUTLET BURST PRESSURE
	
	
	

	2.13 
	EXTERNAL LEAKAGE
	
	
	

	2.14
	INTERNAL LEAKAGE
	
	
	

	2.15
	PRESSURE OSCILLATIONS 
	
	
	

	2.16
	PRESSURE TRANSIENTS
	
	
	

	2.17
	FLUID COMPATIBILITY
	
	
	

	2.18 
	FILTERS
	
	
	

	2.19
	STAGE LOCK-OUT
	
	
	

	2.20
	STATIC LOADS
	
	
	

	
	
	
	
	

	2.21
	SHOCK
	
	
	

	2.22
	MINIMUM NATURAL FREQUENCY 
	
	
	

	2.23
	VIBROACOUSTIC LOADS
	
	
	

	2.24
	Thermal Vacuum Acceptance Test
	
	
	

	3.1
	DESIGN LIFE
	
	
	

	3.2
	PRESSURE CYCLE LIFE
	
	
	

	4.1
	MASS
	
	
	

	4.2
	FLUID INTERFACES
	
	
	

	4.3
	MOUNTING
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