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1.0 Scope

This specification describes the mechanical, operating environment, and verification testing requirements for space-qualified fill and drain valves for a Goddard Space Flight Center (GSFC) payload, the Solar Dynamics Observatory (SDO).  The SDO Propulsion Subsystem requires fifteen (15) fill and drain valves, herein referred to as fill and drain valves, valves, or by the defined designations.

2.0 Documentation and Definitions

2.1 Applicable Documents

The following documents and drawings in effect on the day this specification was signed shall apply to the fabrication and to the mechanical and environmental requirements of the fill and drain valves to the extent specified herein.  In the event of conflict between this specification and any referenced document, this specification will govern, with the exception of the Statement of Work, 464-PROP-LEGL-0049, in which case the SOW takes precedence.

Table 1 is a list of the applicable specifications and publications.

Table 1: List of Documents

	Document Number
	Title
	Revision/Date

	464-PROP-LEGL-0049
	Statement of Work for Solar Dynamics Observatory (SDO) Project Propulsion Subsystem Fill and Drain Valves
	-

	AMS 2488
	Anodic Treatment - Titanium and Titanium Alloys Solution Ph 13 Or Higher
	2003

	GSFC-X-673-64-1F
	Engineering Drawing Standards Manual
	09/1994

	IEST-STD-CC1246D
	Product Cleanliness Levels and Contamination Control Program
	01/01/2002

	ISO 10012-ED1
	Quality Assurance Requirements for Measuring Equipment
	04/15/2003

	JSC-SPEC-C-20C
	Water, High Purity, Specification for
	06/14/1976

	MIL-PRF-26539E
	Propellant, Nitrogen Tetroxide
(MON-3, Low Iron)
	10/07/1997

	MIL-PRF-27401D
	Propellant, Nitrogen, Pressurizing Agent
	10/03/1995

	MIL-PRF-27404C
	Propellant, Monomethylhydrazine
	10/01/1997

	MIL-PRF-27407B
	Propellant, Helium, Pressurizing Agent
	08/25/1997

	MIL-PRF-27415A
	Propellant Pressurizing Agent, Argon
	12/11/1997

	MIL-STD-1540D
	Test Requirements for Space Vehicles
	07/01/1985

	MIL-STD-889
	Dissimilar Metals
	-

	MSFC-HDBK-527F
	Materials Selection List for Space Hardware Systems
	09/30/1988

	MSFC-STD-3029
	Guidelines for the Selection of Metallic Materials for SCC Resistance
	05/22/2000

	SAE AS4395
	Fitting End-Flared Tube Connection, Design Standard
	-

	TT-I-735
	Isopropyl Alcohol
	07/11/1963


2.2 Definitions

Flight Hardware:  Any component intended to fly on the Observatory.

Protoflight Hardware:  Flight hardware of a new design.  The hardware is subject to QUALIFICATION test levels at ACCEPTANCE test durations.  It is intended to fly.

3.0 Requirements

All of the requirements in this document must apply at the end of spacecraft (S/C) life (EOL), as defined in Section 3.5.

3.1 Description

Propulsion subsystem fill and drain valves allow for the filling and draining of the spacecraft fluids, including test fluids, gaseous pressurant, fuel, and oxidizer.  The subsystem requires three types of fill and drain valves, which are designated A, B, and C in Table 2.

Table 2: Fill and Drain Valve Functions

	Designation
	Function
	Operational Fluid(s)
	Qty.

	Valve A
	Pressurization System
Fill, Drain, and Test
	Gaseous Helium (GHe);
Monomethylhydrazine vapors;

Nitrogen Tetroxide vapors
	11

	Valve B
	Fuel Tank
Fill, Drain, and Test
	Liquid Monomethylhydrazine (MMH);
Water and Gaseous Nitrogen for testing
	2

	Valve C
	Oxidizer Tank
Fill, Drain, and Test
	Liquid Nitrogen Tetroxide (NTO);
Water and Gaseous Nitrogen for testing
	2


Each fill and drain valve shall include caps and seals required to seal the valve both in the closed position and when open with propellant flowing.  Additionally, assorted AN fitting threads corresponding to the various operational fluids shall be used to ensure proper operation.

Each fill and drain valve design shall EITHER be qualified for space flight OR shall include one (1) protoflight valve (in addition to the flight hardware) that has been tested to the qualification levels listed in this document.  Valve designs that have been qualified previously shall include qualification documentation as described in the Statement of Work 464-PROP-LEGL-0049.

3.2 Component-Specific Functional/Performance Requirements

3.2.1 Design Pressures

3.2.1.1
Operating Pressure

The valves shall have maximum expected operating pressure (MEOP) values as listed in Table 3.  Maximum expected operating pressure is the maximum pressure to which the particular valve is subjected under any operating conditions.

3.2.1.2 Proof Pressure

The valves shall be capable of withstanding proof pressures of no less than the proof pressure values listed in Table 3 without any permanent physical deformation, yielding, or cracking.  Proof pressure is the test pressure equal to 1.5 times the operating pressure.  The proof pressure must also include a factor to account for any difference in material properties between the proof test temperature and the operating temperature range.

3.2.1.3
Burst Pressure

The valves shall demonstrate, through a qualification program, burst pressures no less than the burst pressure values listed in Table 3.  Burst pressure is the pressure (2.5 x MEOP) that, once applied to the particular valve, results in exceeding its ultimate strength.

Table 3: Operating, Proof, and Burst Pressures

	Valve
	MEOP [MPa (psia)]
	Proof [MPa (psia)]
	Burst [MPa (psia)]

	A
	28.96 (4200)
	43.44 (6300)
	72.39 (10 500)

	B
	2.07 (300)
	3.10 (450)
	5.17 (750)

	C
	2.07 (300)
	3.10 (450)
	5.17 (750)


3.2.2 Pressure Transients

The fill and drain valves shall be designed to withstand near-instantaneous pressure increases from 0.69 MPa (100 psia) to MEOP without any degradation of performance.

3.2.3 Flow Rate and Pressure Drop

The valves shall be capable of providing the flow rates given in Table 4.  At these flow rates, the pressure drop for each valve shall be less than or equal to the values specified in Table 4.

Table 4: Required Flow Rates and Maximum Pressure Drop Values

	Valve
	Required Flow Rate
	Maximum Pressure Drop*
[MPa (psid)]

	A
	51 scfm (0.024 m3/s) GHe
	0.14 (20)

	B
	0.15 lb/s (.07 kg/s) H2O
	0.14 (20)

	C
	0.15 lb/s (.07 kg/s) H2O
	0.14 (20)


*At the flow rate given

3.2.4 Leakage

Each valve shall demonstrate a total leakage rate of no greater than 1 x 10-6 sccs of GHe at the valve’s MEOP with the primary seat closed, AN cap removed, and external cover removed.  Each valve shall demonstrate a total leakage rate of no greater than 1 x 10-5 sccs of GHe at the valve’s MEOP with the primary seat open, AN cap installed, and external cover removed.  Each valve shall demonstrate a total leakage rate of no greater than 1 x 10-5 sccs of GHe at the valve’s MEOP with the primary seat open, AN cap removed, and external cover installed.  Leakage shall be verified by test at the maximum and minimum temperature limits.

3.2.5 Interface Tube Design Pressures

3.2.5.1
Interface Tube Proof Pressure

Each valve’s interface tube shall be capable of withstanding a proof pressure of no less than 1.5 times the particular valve’s MEOP value.  These values are given in Table 5.

3.2.5.2
Interface Tube Burst Pressure

The vendor shall demonstrate, through a qualification program, that each valve’s interface tube has a burst pressure of no less than 4 times the particular valve’s MEOP value.  These values are given in Table 5.

Table 5: Interface Tube Proof and Burst Pressures

	Valve
	Interface Tube Proof Pressure
[MPa (psia)]
	Interface Tube Burst Pressure
[MPa (psia)]

	A
	43.44 (6300)
	115.83 (16 800)

	B
	3.10 (450)
	8.27 (1200)

	C
	3.10 (450)
	8.27 (1200)


3.2.6 Sealing

Each valve shall contain at least three (3) seals when both the AN cap and external cover are installed.  Each valve shall contain at least two (2) seals when the valve is in the open position with propellant flowing.

3.2.6.1
Seal Replacement

All seals, including the primary seal, shall be replaceable while the valves are installed on the S/C.

3.2.6.2
Inadvertent Stem Removal

All valves shall be designed to prevent inadvertent stem removal.

3.2.6.3
Lock Wire Capability

All seals on each fill and drain valve shall contain lock wires to ensure that they remain in place throughout the life of the mission.

3.2.6.4
External Cover Lanyard Capability

The external cover for each fill and drain valve shall contain provisions for attaching a lanyard without degrading the sealing ability of the cover.

3.2.7 Ease of Operation

Each valve shall be designed to be operable by one wrench.

3.2.8 Fluid Compatibility

Each valve, including all welds, shall show no degradation due to exposure for a 5-year period to any of the following fluids:

· Helium per MIL-PRF-27407B, Type 1, Grade A

· Monomethylhydrazine per MIL-PRF-27404C

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

All of the valves, including all welds, shall show no degradation after exposure to any of the following fluids:

· Nitrogen per MIL-PRF-27401D, Grade A

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

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

· Argon per MIL-PRF-27415A

· Xenon, Research Grade

After exposure to any of the above fluids, the valves shall be flushed and dried by a vendor-prepared and NASA-approved procedure.

3.2.9 Cycle Life

The fill and drain valves shall maintain the operational requirements defined in this document after no less than 100 open/close cycles at the expected operating pressures and temperatures.
3.2.10 Metal Parts

The valves shall not use metals that are susceptible to corrosion in ground and flight environments per MSFC-HDBK-527F, dissimilar metals per MIL-STD-889, or stress crack corrosion per MSFC-STD-3029.

3.2.11 Outgassing

The valves shall only use materials that have less than 1% TML and less than 0.1% CVCM outgassing as listed in Section C in http://outgassing.nasa.gov/.

3.3 Physical Characteristics

3.3.1 Mass

The total mass of each fill and drain valve shall be less than or equal to 0.60 lb (0.27 kg).

3.3.2 Center of Mass

The contractor shall define the center of mass.  The center of mass shall be determined to within ±2.5 mm relative to an external reference.

3.3.3 Envelope

Each fill and drain valve, not including the interface tube, shall have a cylindrical envelope with an outer diameter (OD) of less than 2.0 inches (5.1 cm), a total length of less than 4.5 inches (11.43 cm), and an external length of less than 4.0 inches (10.16 cm) (see Figure 1).  This envelope shall encompass the valve, AN cap, external cover, and mounting surface.

Figure 1: Dimension Definitions
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3.3.4 Fluid Interfaces

Each valve shall contain an interface tube that shall have a length of no less than 1.5 inches
(3.81 cm).  The required interface tube characteristics for each fill and drain valve are given in Table 6.

Table 6: Interface Tube Requirements

	Valve
	Interface Tube Dimensions
	Material

	A
	0.25-inch (0.64 cm) OD with a
0.028-inch (0.07 cm) wall thickness
	3Al-2.5V Titanium (Grade 5)

	B
	0.375-inch (0.95 cm) OD with a
0.028-inch (0.07 cm) wall thickness
	3Al-2.5V Titanium (Grade 5)

	C
	0.375-inch (0.95 cm) OD with a
0.028-inch (0.07 cm) wall thickness
	3Al-2.5V Titanium (Grade 5)


3.3.5 AN Fitting Threads

Each type of fill and drain valve shall have different AN fitting thread dimensions per AS-4395 to differentiate between valve applications and working fluids.  The three AN fitting threads shall be assigned as shown in Table 7.  The vendor shall supply the acceptable torque range to avoid damage to the valve threads.  This range shall be included in the Fill and Drain Valves Operational Constraints Document.

Table 7: Assignments for Variable Mating Thread Dimensions

	Valve
	Working Fluid
	Mating Thread Dimension

	A
	GHe
	SAE AS4395-G04

	B
	MMH
	SAE AS4395-G06

	C
	NTO
	SAE AS4395-G08


3.3.6 Welding

All welding shall use a configured process that is vendor-developed and NASA-approved for welding and weld inspection requirements.

3.3.7 Minimum Resonant Frequency

The fill and drain valves shall have a minimum structural fundamental frequency of 50 Hz in any direction at fixed base.

3.3.8 Mounting

The valves will be hard-mounted on a mechanical surface of the S/C structure.  The mounting interface shall be defined in the Interface Control Document.

3.3.9 Cleanliness (Internal and External)

The valves shall be cleaned, and verified internally clean to level 100A per IEST-STD-CC1246D as modified by Table 8 below, in accordance with vendor procedures approved by NASA.  The interface tubes shall be protected from contamination at all times by the use of clean fittings and bagging as required.

Table 8: 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 metal particles allowed

The external cleanliness for each valve shall meet level 450A per IEST-STD-CC1246D.

3.3.10 External Adjustment

The valves shall be designed so that no external adjustments are required after start of acceptance or qualification testing.

3.3.11 Reserved

3.3.12 Identification and Marking

Each valve shall be permanently marked with the part number and a unique sequential serial number in the area designated on the Interface Control Drawing in a manner to be approved by the GSFC COTR.

3.3.13 Transportability

The valves shall be designed so as to be capable of being handled and transported to GSFC without degradation or damage.

3.4 Reserved

3.5 Life Requirements

3.5.1 Mission Life

The orbit life of the valves shall be five years as defined herein.

3.5.2 Shelf Life

The valves shall not suffer any degradation in performance when stored for ten years when packaged using agreed-to procedures.  The valves shall not suffer any degradation in performance when stored for 6 months when pressurized to MEOP and exposed to the working fluids listed in Table 8.

3.6 Environmental Requirements

The valves shall be designed to withstand, without degradation of specified performance, the operational and non-operational environments specified in the following section.

3.6.1 Static Loads

The fill and drain valves shall be designed to withstand interface limit loads of 40.0 g’s.  The valves shall have a qualification load of 50.0 g’s.  Loads are considered to act in any direction, individually.  Structural analyses shall be performed to show positive margins of safety under limit loads using a factor of 1.25 times with regard to yield and 1.4 times with regard to ultimate material strength.

3.6.2 Vibration Loads

The valves shall be capable of withstanding the random vibration levels shown in Table 9, individually applied to three mutually orthogonal axes.

Table 9: Random Vibration Levels

	Frequency

[Hz]
	Acceptance Levels1
	Qualification
Levels2

	20
	0.013 g2/Hz
	0.026 g2/Hz

	20 – 50
	+6 dB/Oct.
	+6 dB/Oct.

	50 – 800
	0.080 g2/Hz
	0.160 g2/Hz

	800 – 2000
	-6 dB/Oct.
	-6 dB/Oct.

	2000
	0.013 g2/Hz
	0.026 g2/Hz

	Overall Grms
	10.0
	14.1


1For flight hardware

2For protoflight hardware only

The valves shall be capable of withstanding the sine vibration levels of Table 10, individually applied to three mutually orthogonal axes.

Table 10: Sine Sweep Vibration Levels

	Axis
	Frequency
[Hz]
	Acceptance Level1
[g]
	Qualification Level2
[g]

	Each Axis
	5 to 50
	5
	6.3


1For flight hardware

2For protoflight hardware only

3.6.3 Shock

The valves shall be capable of withstanding the maximum shock environment shown in
Table 11.

Table 11: Maximum Expected Shock Environment (Q = 10)

	Frequency

[Hz]
	Acceptance

Level1
	Qualification

Level2

	100
	62 g
	87 g

	100 – 800
	9.0 dB/Oct.
	9.0 dB/Oct.

	800 – 3000
	1397 g
	1956 g

	3000 – 10000
	1.4 dB/Oct.
	1.4 dB/Oct.

	10000
	1862 g
	2607 g


1For flight hardware

2For protoflight hardware only

3.6.4 Thermal

The valves shall be capable of meeting all performance requirements herein in a vacuum with temperatures defined in Table 12.

Table 12: Temperature Limits at Mounting Interface

	Condition
	Cold Limit

[ºC]
	Hot Limit

[ºC]

	Operational Temp (nominal expected orbital range)
	0
	+40

	Acceptance Temp (test temperatures for flight valves)
Conducted only on flight hardware for which the design has already undergone a qualification program
	-5
	+45

	Qualification Temp (maximum performance limits)

Test temps for protoflight hardware if design is not previously qualified
	-10
	+50

	Survival Temp

Fill and drain valves must withstand these temps without sustaining permanent damage
	-20
	+50


3.6.5 Vacuum

The valves shall be capable of meeting all performance requirements herein at ambient pressure and below, including a vacuum environment of 1 x 10-5 Torr or less.

3.6.6 Reserved

3.6.7 Humidity

The valves shall be capable of meeting the requirements herein during and after exposure to 20% to 70% relative humidity for 2 years.

4.0 Verification Requirements

The contractor shall conduct a verification program that demonstrates that the hardware design is qualified and meets all requirements contained in this document.  All previously qualified aspects of the design shall be fully explained and referenced and the qualification test report shall be supplied to GSFC.

The contractor shall provide a verification matrix defining the method of verification for each specific requirement of this document.  Verification methods include inspection, analysis, test, or a combination of these techniques.

4.1 Inspection

Verification by inspection includes visual inspection of the physical hardware, a physical measurement of a property of the hardware, or the documentation search demonstrating hardware of an identical design has demonstrated fulfillment of a requirement.

4.1.1 Visual Inspection

Visual inspection of the physical hardware by a customer-appointed qualified inspector.

4.1.2 Physical Measurement

Physical measurement of hardware properties (i.e. mass, dimensions, etc.) demonstrating that the hardware meets a specific requirement.

4.1.3 Documentation Search

Verification of requirements based on similarity shall include supporting rationale and documentation, and shall be approved by the GSFC COTR.

4.2 Analysis

Verification of performance or function through detailed analysis, using all applicable tools and techniques, is acceptable with GSFC COTR approval.

4.3 Test

Detailed test of performance and/or functionality using a properly configured test setup where all critical data taken during the test period are captured for review.

Performance parameter measurements shall be taken to establish a baseline that can be used to assure that there are no data trends established in successive tests that indicate a constant degradation of performance within specification limits that could result in unacceptable performance in flight.

4.4 Test Restrictions

4.4.1 Failure During Tests

The test shall be stopped if equipment fails during testing in cases where this failure will result in damage to the equipment.  As stated in Section 6.1.4 of the Statement of Work
464-PROP-LEGL-0049, all anomalies shall be reported to the COTR within 24 hours of the anomaly.

4.4.2 Test Measurements

All test measurement devices and instrumentation shall be in compliance with ISO 10012-ED1.

4.4.3 Modification of Hardware

Once the formal acceptance test has started, cleaning, adjustment, or modification of test hardware shall not be permitted.

4.4.4 Re-Test Requirements

If any event, including test failure, requires that a component be disassembled and reassembled, then all tests performed prior to the event must be considered for repeat.  If the unit has multiple copies of the same build, then all units must be examined to determine if the problem is common.  If all copies require disassembly for repair, then each must receive the same test sequence.

4.5 Required Verification Methods

The following measurements, tests, environments, and inspections are required for each fill and drain valve to provide assurance that the valves meet specified performance, functional, environmental, and design requirements.  Each test or demonstration is described below.

a. Weight and Envelope Measurement

b. Flow Test

c. Proof Pressure Test

d. Leakage Test

e. Cleanliness (Internal and External)

f. Shock Test (if necessary)

g. Random Vibration

h. Loads Tests (Protoflight only)

i. Thermal Vacuum Test

4.5.1 Weight and Envelope Measurement

Measurement of the weight of the valves shall be made to show compliance with specified requirements and provide accurate data for the mass properties control program.

4.5.2 Reserved

4.5.3 Flow Test

The fill and drain valves shall show compliance with the flow rate and pressure drop requirements stated in Section 3.2.3.

4.5.4 Proof Pressure Test

The fill and drain valves shall be pressurized to the levels described in Section 3.2.1.2.  The valves shall be held at this proof pressure for no less than 1 minute.  The proof pressure test shall not cause evidence of external leakage or permanent deformation with the valve closed and uncapped, the valve open and uncapped with the external cover installed, and the valve open and capped.

4.5.5 Leakage Test

The leakage shall be in compliance with Section 3.2.4 of this document.  These requirements shall be verified before and after the random vibration and thermal vacuum tests.

4.5.6 Cleanliness (Internal and External)

The internal and external cleanliness of the fill and drain valves shall be shown to be in compliance with Section 3.3.9 of this document.

4.5.7 Shock Test (if necessary)

The valves shall be subjected to a shock test to verify the requirements specified in Section 3.6.3.
4.5.8 Random Vibration

The valves shall be subjected to a random vibration test along three orthogonal axes to the appropriate levels shown in Section 3.6.2.  The valves shall be mounted as they will be mounted to the S/C.  A leakage 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.

Duration:  1 minute per axis for acceptance tests for flight and protoflight hardware

4.5.9 Reserved

4.5.10 Loads Tests

Structural design loads per the levels in Section 3.6.1 shall be applied to protoflight hardware.  There is no requirement to strength test flight hardware that has already been strength tested through a qualification program (i.e., there is no “acceptance level” strength test requirement for flight hardware).

Structural loads testing shall be verified by performing either a fixed frequency sine burst test, or a series of static loads pull tests.  Loads developed at the mounting interface during loads tests must account for the dynamic loading and the pressure loading of the valves.

No permanent deformation may occur to the valves as a result of the loads test.  An inspection shall be conducted to verify that no damage occurred due to the loads test.

4.5.10.1 Sine Burst

A sine burst test applies a ramped sine input at a sufficiently low frequency such that the valve moves as a rigid body.

Duration:  5 cycles of full level amplitude

4.5.10.2 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.

Duration:  30 seconds

4.5.11 Thermal Vacuum Test

Each valve shall be cycled a total of eight (8) times from room temperature to the hot limit acceptance temperature (+45ºC) to the cold limit acceptance temperature (-5ºC).  During each cycle, the valve will be held at the extreme for 2 hours.  During these tests, chamber pressure shall be less than 1.33 x 10-3 Pa (1 x 10-5 torr).  Each valve shall be in flight configuration and pressurized to the valve’s MEOP with a pressurant test gas.

During the first two cycles of the thermal vacuum test, the temperatures shall peak at the hot limit survival temperature (+50ºC) and cold limit survival temperature (-20ºC) before settling on the acceptance temperature limits stated above.

For designs that have not been qualified, a protoflight unit shall be cycled a total of eight (8) times from room temperature to the hot limit qualification temperature (+50ºC) to the cold limit qualification temperature (-10ºC).

4.5.11.1 Temperature Transitions

Transitions from cold to hot conditions increase contamination hazards because material that has accreted on the chamber walls may evaporate and deposit on the relatively cool test item.  Transitions will be conducted at rates sufficiently slow to prevent that from occurring.  Testing shall start with a hot soak and end with a hot soak to minimize this risk (see Figure 2).

Figure 2: Thermal Vacuum Profile
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