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1.0 Scope

This specification describes the electrical, mechanical, operating environment, and verification testing requirements for latch valves for a Goddard Space Flight Center (GSFC) payload, the Lunar Reconnaissance Orbiter (LRO).  The LRO propulsion subsystem requires (5) latch valves that meet the specifications of this document.

2.0 DOCUMENTATION AND DEFINITIONS

2.1 APPLICABLE DOCUMENTS

The following documents in effect on the day this specification was signed shall apply to the fabrication and to the electrical, mechanical, and environmental requirements of the latch 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, 431-SOW-000489, in which case the SOW takes precedence.

The following is a list of the applicable specifications and publications.

Table 1: List of Documents
	Document Number
	Title
	Revision/Date

	431-SOW-000489
	Statement of Work for Lunar Reconnaissance Orbiter (LRO) Project Propulsion Subsystem Latch Valves
	TBD

	AFSPCMAN 91-710  
	Range Safety User Requirements Manual
	July 2004

	ASTM E-595
	Standard Test Method For Total Mass Loss And Collected Volatile Condensable Materials From Outgassing in a Vacuum Environment
	6/15/1993

	EEE-INST-002
	Instructions for EEE Parts Selection, Screening, Qualification, and Derating
	05/2003

	GSFC-STD-7000
	General Environment Verification Standards 
	06/1996

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

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

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

	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

	NASA-HDBK-4002
	Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging Effects
	02/17/1999

	NASA-STD-7001
	Payload Vibroacoustic Test Criteria
	6/21/1996

	NASA-STD-5001
	Structural Design and Test Factors of Safety for  Space Flight Hardware
	6/21/1996

	NASA-STD-7005
	Dynamic Environmental Criteria
	3/13/2001

	MIL-PRF-26536E
	Performance Specification, Propellant, Hydrazine
	9/24/1997

	ASTM-A511
	Standard Specification For Seamless Stainless Steel Mechanical Tubing
	3/2004

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


2.2 Definitions

Flight Hardware:  Any component intended to fly on the Orbiter.  This includes protoflight, follow-on, and flight spare hardware.

Protoflight Hardware:  Flight hardware of a new design.  Protoflight hardware is subject to a qualification test program that combines elements of prototype and flight acceptance verification.  This program shall include the application of design qualification test levels and flight acceptance test durations.

REQUIREMENTS

All of the written requirements in this document must apply for the entire spacecraft life spacecraft (SC) life, as defined in section 3.8.

In this document, a requirement is identified by “shall,” a good practice by “should”, permission by “may”, or “can”, expectation by “will”, and descriptive material by “is.”

2.3 Description

Propulsion subsystem latch valves are responsible for stopping propellant flow to the insertion engines and ACS thruster manifolds, and isolating the tanks when needed.  The valves shall be “latching” type, which maintain position without power, and only require power for actuation and position indication.  Position indication shall be provided by means of a unambiguous “open” or “closed” indicator.

Table 2:  Latch Valve Functions

	Function
	Operational Fluid
	Qty.

	Insertion Engine and ACS Thruster Manifold Isolation
	Liquid Hydrazine (N2H4)
	5


The valves shall show that they have been either qualified to the requirements contained in this document, or the vendor shall designate one (1) unit as protoflight to test to the qualification levels listed in this document.  

2.4 Functional and Performance Requirements

2.4.1 Design Pressures

2.4.1.1 Operating Pressure

The latch valves shall have maximum expected operating pressure (MEOP) values as listed in Table 3.  This is the maximum pressure that the latch valves will normally experience upstream of the valve.

2.4.1.2 Proof Pressure

The latch valves shall be capable of withstanding proof pressures no less than the proof pressure values listed in Table 3 without any permanent physical deformation, yielding, or cracking, and without loss of performance as specified herein.

2.4.1.3 Burst Pressure

The latch 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 that, once applied to the particular latch valve, results in exceeding its ultimate strength.

2.4.1.4 Back Relief Pressure

The low-pressure latch valve shall have a back relief pressure within the range given in Table 3.  Back relief pressure is the pressure differential between the downstream and the upstream fluids required to force the latch valve open to relieve downstream pressure.

Table 3: Design Pressures

	
	Pressure  [psia (MPa)]

	MEOP
	350 (2.42)

	Proof Pressure
	750 (5.18)

	Burst Pressure
	1500 (8.62)

	Back Relief Pressure Range
	50 – 150 (0.34 – 1.03)


2.4.2 Flow Rate and Pressure Drop

The latch valves shall be capable of providing the flow rates given in Table 4 as a minimum.  At these flow rates, the pressure drop for each latch valve shall be less than or equal to the values specified in Table 4.  These requirements shall apply from when the inlet filters are clean to when they have reached the filtration capacities.

Table 4: Flow Rate Requirements

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

	0.20 lb/s (0.09 kg/s) N2H4

	7.0 (48.4) 


*At the required flow rate

2.4.3 Leakage

2.4.3.1 Internal Leakage

Leakage past the closed latch valve shall be no greater than 10 scch (2.7x10-3 sccs) of GHe with the valve’s inlet at MEOP and the valve’s outlet at atmospheric pressure, or with the valve’s inlet at 50 psig and the valve’s outlet at atmospheric pressure.  Leakage shall be verified by test at the maximum and minimum temperature limits.

2.4.3.2 External Leakage

Each latch valve shall demonstrate a total external leakage rate of no greater than 1 x 10-6 sccs of GHe at the valve’s MEOP.  Leakage shall be verified by test at the maximum and minimum temperature limits.

2.4.4 Cycle Life

The latch valves shall maintain the operational requirements defined in this document after no less than 3,000 open/close cycles at the exposure pressures and temperatures given herein.  The Contractor shall provide data to show that the latch valve design has successfully operated in a manner that verifies the capability to achieve this cycle life.  
2.4.5 Filtration

Each latch valve shall include an inlet filter with a nominal filtration rating of 25 m or larger.  The inlet filter shall be sized appropriately to provide adequate protection for the latch valve seat.

2.4.6 Interface Tube Design Pressures

The latch valve’s interface tubes shall be capable of withstanding the proof pressures given in Table 5, and the vendor shall demonstrate through a qualification program that each valve’s interface tubes have the burst pressures given in Table 5 at a minimum.

Table 5: Interface Tube Pressures

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

	900 (6.21)
	2400 (16.55)


2.4.7 Fluid Compatibility

Each latch valve, including all welds, shall show no degradation due to exposure for a 26-month period to any of the following fluids:  

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

· Hydrazine per MIL-PRF-26536E

All of the latch valves, including all welds, shall show no degradation after a 12-month 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 liquids, the valves shall be flushed and dried by a vendor-prepared and NASA-approved procedure.

2.4.8 Response Time

The opening and closing response time for each latch valve shall be less than 120 ms at the MEOP given in Section 3.2.1.1, at the minimum voltage given in Section 3.4.1.3, and over the entire temperature range specified in Section 3.7.1.

2.4.9 Redundant Coils

The latch valves shall include primary and redundant coils for both opening and closing.  Each coil (primary open, primary close, redundant open, and redundant close) shall include independent power lines.

2.4.10 Metal Parts

The latch 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 metals that are susceptible to stress crack corrosion per MSFC-STD-3029.

2.4.11 Outgassing

The latch valves shall only use materials that have less than 1% TML and less than 0.1% CVCM outgassing in accordance with ASTM E-595.

2.5 Physical Characteristics

2.5.1 Mass

The total mass of each latch valve shall not exceed 1.80 lb (0.81 kg).  

2.5.2 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.

2.5.3 Fluid Interface Tubing

Each latch valve shall include interface tubing with a length of no less than 1.5 inches (3.81 cm) with consistent OD on both the inlet and outlet.  The required interface tube characteristics for each latch valve are given in Table 6.  
Table 6: Interface Tubing Requirements

	Interface Tube Dimensions
	Material at the component interface

	0.375-inch (0.95 cm) OD +0.004/-0.000 in with a
0.028-inch (0.07 cm) +/-0.002 in wall thickness
	Stainless Steel 304 L

Per ASTM-A511


2.5.4 Welding

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

2.5.5 Mounting

Each latch valve will be hard-mounted on a mechanical surface of the spacecraft structure.  The mounting interface shall be defined in the Interface Control Document.

2.5.6 Cleanliness (Internal and External)

The latch valves shall be cleaned, and verified internally clean to level 100A per
IEST-STD-CC1246D as modified by Table 7 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 7: 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 surfaces of each latch valve shall be clean to visual inspection.

2.5.7 External Adjustment

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

2.5.8 Identification and Marking

Each latch valve shall be permanently marked with the part number, a unique sequential serial number, and the direction of flow.  All marking shall be in the area designated on the interface control drawing in a manner to be approved by the GSFC COTR.

2.5.9 Transportability

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

2.6.1 Power

2.6.1.1 Power Input Configuration

Power to the latch valves will be remotely switched using properly derated lines.  The DC power and return will be routed to each latch valve as twisted pairs and will be shielded as required.

2.6.1.2 Coil Resistance
The electrical resistance of the valve opening and closing measured across the leads shall be no less than 25 Ohms over the temperature range defined in Section 3.7.1.  When open and when closed, the latch valve shall only require power for the position indication micro-switch.

2.6.1.3 Input Voltage Level

The component shall meet all performance requirements with prime power input between 19 and 35 VDC at its primary power input.  The nominal power input is 28 VDC.  Voltage applied to the coils shall be a square pulse with a nominal pulse width of 200 (20 ms.

2.6.1.4 Component Current

A coil shall not draw more than 1.4 Amps when supplied with 35 to 19 VDC.

2.6.1.5 Survival of Anomalous Voltage

The component shall be designed to not be damaged by any voltage in the range of 0 to +40 VDC for an indefinite time period applied to the power input during anomalistic operations.

2.6.1.6 Polarity Reversal Protection

The component shall not be damaged by polarity reversal of the input power.

2.6.2 Grounding

2.6.2.1 Primary Input Isolation

At the component primary power interfaces, primary power (28 VDC) and primary power returns shall be isolated from the component chassis by greater than or equal to 1 MOhms direct current (DC).

2.6.2.2 Secondary Ground

All signal lines shall be shielded.  All shields shall be grounded to the chassis of the latch valve unless approved by the COTR.  The secondary return (power, and microswitch analog signal grounds) shall be locally connected to the component chassis with low impedance paths (<= 2.5 milliohms DC per joint) to minimize stray current.

Both secondary power (or signal) inputs and returns shall be isolated from primary power by at least 1 MOhms DC.  

2.6.3 Data and Signal Interfaces

The presence or absence of any combination of the input signals applied in any sequence shall not damage the latch valve, reduce its life expectancy, or cause any malfunction, either when the valve is powered or when it is not.  No sequence of commands shall damage the latch valve, reduce its life expectancy, or cause any malfunction.

2.6.3.1 Output

Each latch valve shall contain one position indication circuit (micro-switch).  The circuit shall consist of closed, open, and common leads.

2.6.4 Charging Mitigation

Leakage impedance of conductive internal parts shall be less than 10 kOhms.  This requirement applies to conductive fittings on dielectric structural parts.

2.6.5 Harness Requirements

Qualified wire, cable, and connector specified in the Instructions for EEE Parts Selection, Screening, Qualification, and Derating (EEE-INST-002) shall be used for any of the component harnesses.  Wires, connectors, connector contacts, and other harness piece parts shall be derated per the Instructions for EEE Parts Selection, Screening, Qualification, and Derating (EEE-INST-002).

2.6.5.1 Wiring Termination

The latch valves shall contain “pigtail” wire leads with lengths of no less than 5 feet (1.52 m).  The pigtail shall include the following wires:

· Primary open coil (+)

· Primary open coil (–)

· Redundant open coil (+)

· Redundant open coil (–)

· Primary close coil (+)

· Primary close coil (–)

· Redundant close coil (+)

· Redundant close coil (–)

· Position-indicating micro-switch – common

· Position-indicating micro-switch – closed

· Position-indicating micro-switch – open

2.7 Radiation Requirements

The contractor shall confirm that none of the materials in the valve are EEE parts, and that they are not susceptible to radiation damage.

2.8 Mechanical Requirements

This section defines the limit loads, mechanical environments, and mechanical verification requirements of the LRO spacecraft components.  All loads and environments in this document are preliminary and will be updated as the LRO spacecraft is defined.

2.8.1 Definitions

Qualification Test:  A test performed on non-flight hardware.  The purpose of the test is to prove that a new design meets one or more of its design requirements.  Qualification testing is performed at maximum expected flight levels plus a margin.  Test durations are typically longer than for acceptance tests.

Protoflight Test:  A test performed on flight hardware.  The purpose of the test is to prove that a new design meets one or more of its design requirements.  Protoflight testing is performed at maximum expected flight levels plus a margin.  Test durations are typically the same as for acceptance tests.

Acceptance Test:  A test performed on flight hardware.  The purpose of this test is to prove that a particular flight unit has been manufactured properly.  The design has already been proven during a qualification or protoflight test program.  Acceptance testing is performed at maximum expected flight levels.

2.8.2 Environments

2.8.2.1 Launch Limit Loads


The component shall demonstrate its ability to meet its performance requirements after being subjected to the net CG limit loads shown in the table below.  Linear interpolation should be used between breakpoints to determine the appropriate limit load as a function of component weight.  Note that these design limit loads are intended to only cover the low frequency launch environment and must be used in conjunction with the random vibration environments to assess structural margins.

Table 8: Component Limit Loads

	Component Mass 

(kg)
	Limit Load

(g, any direction)

	0.5 or less
	35.9

	2
	33.6


2.8.2.2 On-Orbit Limit Loads

The component shall meet its performance requirements while being subjected to 0.1 g loads during on-orbit operations.

2.8.2.3 Sinusoidal Vibration

The component shall demonstrate its ability to meet its performance requirements after being subjected to the following sine vibration environment.  These levels are to be applied at the LRO/component interface.


Table 9: Instrument Sine Vibration Environment

	Frequency
	Protoflight/Qual Level
	Acceptance Level

	5 - 100 Hz
	8 g’s
	6.4 g’s


Levels may be notched to not exceed 1.25 times the design limit load.  These levels will be updated as coupled-loads analysis (CLA) data becomes available.  Components shall test for this environment up to 50 Hz and analyzed from 50 to 100 Hz.

2.8.2.4 Acoustics

The component shall be designed to meet its performance requirements after being subjected to the acoustic environment listed in the table below.  The sound pressure levels are based on the specified launch vehicles only.  The acoustic environment for other fairing configurations may differ and need to be evaluated.  Please note that the Atlas V sound pressure levels were increased to satisfy the General Environmental Verification Standards (GEVS) for Flight Programs and Projects (GSFC-STD-7000) minimum workmanship environment.

Table 10: Limit Level Acoustic Environments

	Center Frequency (Hz)
	Delta IV Medium

Sound Pressure Level (dB)
	Atlas V 401

Sound Pressure Level (dB)

	25
	0
	115.0

	31.5
	119.5
	119.0

	40
	122.5
	126.2

	50
	125.2
	123.5

	63
	126.3
	125.0

	80
	128.0
	125.5

	100
	129.0
	127.0

	125
	130.0
	127.0

	160
	130.0
	128.2

	200
	130.0
	128.0

	250
	130.0
	127.5

	315
	130.0
	127.0

	400
	129.5
	127.0

	500
	128.0
	125.5

	630
	125.0
	123.0

	800
	123.0
	120.5

	1000
	121.0
	117.5

	1250
	119.5
	115.0

	1600
	118.0
	113.0

	2000
	116.5
	115.0

	2500
	115.0
	114.0

	3150
	113.5
	112.2

	4000
	112.0
	113.0

	5000
	110.5
	115.0

	6300
	109.0
	114.5

	8000
	107.5
	115.5

	10000
	106.0
	116.5

	OASPL
	140.0
	138.0


The reference point 20 Pa

2.8.2.5 Random Vibration

The component shall demonstrate its ability to meet its performance requirements after being subjected to the following random vibration environment.  These levels are to be applied at the LRO/component interface.


Table 11: Component Random Vibration Environment

	Frequency (Hz)
	Protoflight/Qual Level
	Acceptance Level

	20
	0.026 g2/Hz
	0.013 g2/Hz

	20 - 50
	+6 dB/Octave
	+6 dB/Octave

	50 - 800
	0.160 g2/Hz
	0.080 g2/Hz

	800 - 2000
	-6 dB/Octave
	-6 dB/Octave

	2000
	0.026 g2/Hz
	0.013 g2/Hz

	Over All
	14.1 grms
	10.0 grms


The above random environment is appropriate for components weighing 22.7 kg (50 lbs) or less.  This environment will be updated with random vibration analysis.  Note for lightweight components, the highest design loads may be from this random vibration environment.  The contractor shall perform random vibration analysis along with static loads analysis.  Please see NASA-HDBK-7005 and NASA-STD-7001 for more information.

2.8.2.6 Shock

The maximum expected shock environment at the component interface is shown in the table below.  This shock environment will be updated.

The component shall be assessed for damage due to shock based on shock sensitivity or proximity to shock sources.  If the component is not considered susceptible to the shock environment, shock testing can be deferred to the level of assembly that allows for actuation of the actual shock-producing device.  

If the component is considered to be susceptible to the shock environment, the contractor may need to perform a shock test to demonstrate that the item can survive the predicted shock environment.  The LRO project will assess shock environment based on the specific component location.

Table 12: Limit Level Shock Response Spectrum

	Frequency (Hz)
	Level (Q=10)

	100

100 to 1000

1000 to 10000
	150 g

+9.2 dB/Octave

5000 g


2.8.2.7 Venting

If the component has less than 0.25 square inches of vent area for each cubic foot volume, it shall demonstrate the ability to survive both of the maximum pressure profiles described in Figures 1 & 2.  Please see the Delta IV Payload Planners Guide and the Atlas Launch System Mission Planner’s Guide for more information.
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Figure 1: Delta IV Payload Fairing Compartment Absolute Pressure Envelope
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Figure 2: Atlas V Typical Static Pressure Profiles Inside the Payload Fairing

2.8.3 Frequency Requirement


The component shall have a fundamental frequency greater than 50 Hz when hard mounted at its SC interface.

2.8.4 Verification Requirements

2.8.4.1 Factors of Safety

The component shall demonstrate positive Margins of Safety for all yield and ultimate failures using the Factors of Safety (FS) defined in the table below (see NASA-STD-5001 for more information on other materials).  The factors of safety used shall be compliant with the Range Safety User Requirements Manual (AFSPCMAN 91-710). 

Table 13: Factors of Safety

	Type of Hardware
	Design Factor of Safety

	
	Yield
	Ultimate

	Tested Flight Structure - metallic
	1.25
	1.4

	Pressure Loaded Structure
	1.25
	1.5

	Pressure Lines and Fittings
	1.25
	4.0


Margin of Safety (MS) is defined as follows:

MS = (Allowable Stress (or Load)/(Applied Limit Stress (or Load) x FS)) –1

2.8.4.2 Test Factors

The following test factors and durations, shown in the following table, shall be used for prototype, protoflight, and flight hardware. The hardware definitions are included in GEVS (GSFC-STD-7000).

Table 14: Test Factors and Durations

	Test
	Qualification
	Protoflight
	Acceptance

	Structural Loads

Level

Duration

Centrifuge

Sine Burst(1)
	1.25 X Limit Load

1 Minute

5 Cycles Full Level
	1.25 X Limit Load

30 Seconds

5 Cycles Full Level
	Limit Load(2)

30 Seconds

5 Cycles Full Level

	Acoustic

Level

Duration
	Limit Level +3dB

2 Minutes
	Limit Level +3dB

1 Minute
	Limit Level

1 Minute

	Random Vibration 

Level

Duration
	Limit Level +3dB

2 Minutes/Axis
	Limit Level +3dB

1 Minute/Axis
	Limit Level

1 Minute/Axis

	Sine Vibration 

Level

Sweep Rate(3)
	1.25 X Limit Level

2 Octaves/Minute/Axis
	1.25 X Limit Level

4 Octaves/Minute/Axis
	Limit Level

4 Octaves/Minute/Axis

	Shock

Actual Device

Simulated
	2 Actuations

1.4 X Limit Level

2 Actuations/Axis
	2 Actuations

1.4 X Limit Level

1 Actuations/Axis
	1 Actuation

Limit Level

1 Actuation/Axis


(1) Sine burst testing shall be done a frequency sufficiently below primary resonance as to ensure rigid body motion.

(2) All composite structures must be tested to 1.25 x limit loads.  All beryllium structures must be tested to 1.4 x limit loads.

(3) Unless otherwise specified these sine sweep rates shall apply.

2.8.4.3 Frequency Verification Requirements

The contractor shall perform a frequency verification test, such as a low-level sine sweep.  Frequencies shall be verified and reported up to 200 Hz.  Adjustment of low frequency levels based on shaker displacement capability is allowed during test verification of the sine requirements.

2.9 Thermal Requirements

2.9.1 Flight Interface Design Temperature Limits

The latch valves shall be capable of operation in a vacuum with temperatures defined in
Table 15.  These thermal requirements may be verified at ambient pressure conditions.  All temperatures refer to the temperature of the component's mounting surface.

Table 15: Temperature Limits

	Operational
Temperature
Range1
	Acceptance
Temperature
Range2
	Qualification
Temperature
Range3
	Survival Temperature Range4

	+10ºC to +50ºC
	+5ºC to +55ºC
	0ºC to +60ºC
	-10ºC to +60ºC


1Nominal expected orbital range

2Test temperatures for flight units; conducted only on flight hardware for which the design has already undergone a qualification program

3Maximum performance limits; test temperatures for protoflight hardware if design is not previously qualified

4Latch valves must withstand these temperatures without sustaining permanent damage

2.9.2 Ground Test Environment

The component shall be able to operate in a lab environment with air temperature between 15 and 25 degrees C and relative humidity between 0 and 70%.

The component shall survive without degradation transportation temperatures of 15 to 30 degrees C and relative humidity of 0 to 70%.
2.10 Life Requirements

2.10.1 Mission Life

The component shall meet all performance specifications throughout 1 year of ground testing and 5 years of operation in space.

2.10.2 Shelf Life

The component 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 Section 3.2.7.

Verification Requirements

The contractor shall conduct a verification program that demonstrates the hardware design is qualified and meets all requirements contained in this document.  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.

2.11 Inspection

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

2.11.1 Visual Inspection

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

2.11.2 Physical Measurement

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

2.11.3 Documentation Search

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

2.12 Analysis

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

2.13 Test

Represents a detailed test of performance and/or functionality throughout a properly configured test setup where all critical data taken during the test period is 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 degradation of performance trend within specification limits that could result in unacceptable performance in flight.

2.14 Test Restrictions

2.14.1 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.  Otherwise, the test shall be completed to obtain as much information as possible.  No replacement, adjustment, maintenance, or repairs are authorized during testing. This requirement does not prevent the replacement or adjustment of equipment that has exceeded its design operating life during tests, provided that after such replacement, the equipment is tested as are necessary to assure its proper operation.  A complete record of any exceptions taken to this requirement shall be included in the test report.

2.14.2 Modification of Hardware

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

2.14.3 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.

2.15 Required Verification Methods

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

a. Weight and Envelope Measurements

b. Functional Tests

c. Flow Test

d. Leakage Test

e. Proof Pressure Test

f. Back Pressure Relief Test

g. Loads Test (protoflight hardware only)

h. Random Vibration Test

i. Thermal Vacuum Test

j. Functional Tests

k. Cleanliness (Internal and External)

2.15.1 Weight and Envelope Measurement

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

2.15.2 Functional Tests

Functional testing shall occur before the start of verification testing and during the last cycle of the thermal vacuum test at a minimum.  Functional tests shall measure the minimum pull-in voltage, the position indication change, the coil resistance, and the response time at a minimum.

2.15.3 Flow Test

The latch valve shall show compliance with the flow rate and pressure drop requirements stated in Section 3.2.2 at ambient temperature.

2.15.4 Leakage Test

The leakage shall be in compliance with Section 3.2.3.  These requirements shall be verified before and after the random vibration test.

2.15.5 Proof Pressure Test

The latch valve shall be pressurized to the level described in Section 3.2.1 for no less than
1 minute at ambient temperature.  The proof pressure test shall not cause evidence of external leakage or permanent deformation with the latch valve closed and with the valve open.

2.15.6 Back Pressure Relief Test

The latch valve shall be tested to show compliance with the back relief pressure range specified in Section 3.2.1.

2.15.7 Loads Verification

Structural design loads 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 (i.e., 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, a series of static loads pull tests, or, if approved, analysis.

No permanent deformation may occur as a result of the loads test, and all applicable alignment requirements must be met following the test.  Units 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.

The component shall be powered during static loads tests.

2.15.7.1 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.

2.15.7.2 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

2.15.7.3 Analysis

If appropriate development tests are performed to verify accuracy of the stress model, stringent quality control procedures are invoked to ensure conformance of the structure (materials, fasteners, welds, processes, etc.) to the design, and the structure has well-defined load paths, then strength qualification may be accomplished by a stress analysis that demonstrates that the hardware has positive margins on yield at loads equal to 2.0 times the limit load, and positive margins on ultimate at loads equal to 2.6 times the limit load.  Such alternative approaches shall be reviewed and approved on a case-by-case basis.  Please contact the LRO project to seek approval.

2.15.8 Random Vibration

The component shall be subjected to a random vibration test along each axis to the appropriate levels and durations shown in the mechanical requirements section.  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 and after the random vibration testing.

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 component shall be powered during test.

2.15.9 Thermal Vacuum Test

The 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.   

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.

If the component is sensitive to orbit transience, its performance shall be monitored during hot to cold transitions at a rate that a flight like orbit average case might experience.  

2.15.9.1 Hot/Cold Turn-On Demonstration

Components or subsystems shall be turned on twice after exposure to hot and cold survival temperatures (see figure below).

2.15.9.2 Electrical System Performance

The electrical system and performance will also be verified for minimum, maximum, and nominal voltages at minimum and maximum temperatures and during temperature transitions.

Maximum Bus Voltage: 
35V

Nominal Bus Voltage:  
28V

Minimum Bus Voltage: 
19V

Functional tests or performance tests will be conducted during the hot and cold soaks.  Immediately following the component thermal vacuum cycling will be the bakeout phase to eliminate volatiles.  See the figure below.

First 2 cycles (all units) 
During the transition from cold to warm, switch component OFF, increase temperature to upper survival temp for 1 hour, then return to upper qualification temperature, verify that component turns ON, and verify nominal performance once the component has reached the qualification temperature.  Begin hot soak.

During the transition from warm to cold, switch component OFF, decrease temperature to lower survival temp for 1 hour, then return to lower qualification temperature, verify that component turns ON, and verify nominal performance once the component has warmed to the qualification temperature.  Begin cold soak.

Soak time at each temperature:  4 hours, run Performance Test during soak.

Number of complete cycles: 


Prototype Unit:
8 full cycles, start and end on hot cycle.  Include min, max and nominal bus voltages.  Use Qualification temperatures as the “test temperature.”

Protoflight Unit:
8 full cycles, start and end on hot cycle.  Include min, max and nominal bus voltages.  Use Qualification temperatures as the “test temperature.”

Flight / Copy / Spare Unit:
8 full cycles, start and end on hot cycle.  Include min, max and nominal bus voltages.  Use Acceptance temperatures as the “test temperature.”

Maximum Bus Voltage: 
35V

Nominal Bus Voltage:  
28V

Minimum Bus Voltage: 
19V

2.15.9.3 Bakeout

The components shall be baked-out prior to delivery to GSFC. The bake-out performance shall be measured using a temperature-controlled Quartz Crystal Microbalance (TQCM) at chamber pressures below 10x10-5 Torr. The bake-out shall be performed at the hardware's maximum hardware survival temperature, unpowered, for 48 hours followed by a 12 hour period, powered, at the maximum operational temperature as defined in Table 15. The TQCM shall be maintained at -40C throughout the test to measure total outgassing of volatile outgassed condensables without the influence of water vapor. The TQCM must have a representative view of the hardware, preferably a vent. The following test data shall be collected and delivered to GSFC: Chamber configuration (i.e. chamber size, use of shrouds, TQCM location, cold finger/scavenger plate locations (if used), and general test setup), TQCM readings (taken as a minimum every 0.5 hours), hardware temperature, chamber/shroud temperature, TQCM temperature, and pressure.

[image: image3.wmf] 

5

 

1

 

3

 

3

 

3

 

4

 

3

 

2

 

1

 

1

 

1

 

2

 

3

 

4

 

3

 

3

 

3

 

3

 

Survival

 

Limi

t

 

 

Qual/Acc 

Limit

 

 

Qual/Acc

Limit

 

Survival 

Limit

 


Figure 3: Thermal Vacuum Profile

1=
Achieve survival temp, stabilize 1 hour, return to qualification temperature, turn on, soak at test temperature 4 hours, run performance test.

2 =
Soak at test temperature 4 hours, run performance test voltage = 19V

3 =
Soak at test temperature 4 hours, run performance test voltage = 28V

4 =
Soak at test temperature 4 hours, run performance test voltage = 35V

5 = 
Bakeout phase

4.5.11
Cleanliness (Internal and External)

The internal and external cleanliness of the latch valve shall be shown to be in compliance with Section 3.3.6 of this document.

Appendix A

CCB
Configuration Control Board 

CM
Configuration management

CMO
Configuration Management Office

COTR
Contracting Officer Technical Representative

FEM
Finite Element Model

GEVS
Goddard Environmental Verification Standards

GSFC
Goddard Space Flight Center

LRO
Lunar Robotic Orbiter

MEOP
Maximum Expected Operating Pressure

OD
Outer Diameter

RLEP
Robotic Lunar Exploration program

SC
Spacecraft

sccs
Standard cubic centimeters per second

scch
Standard cubic centimeters per hour

TBD
To Be Determined


TBR
To Be Reviewed
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