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1.0 Scope

This is a generic component specification for two-way, normally closed pyrotechnic valves which will fly on the Lunar Reconnaissance Orbiter (LRO).  These are the electrical, mechanical, thermal, radiation requirements, operating environment, and verification testing requirements for space-qualified, pyrotechnic valves.

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 electrical, mechanical, and environmental requirements of the pyrotechnic 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 (SOW), 431-SOW-000476, in which case the SOW takes precedence.

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

Table 2‑1: List of Documents

	DOCUMENT NUMBER
	TITLE
	Revision/Date

	431-SOW-000476
	Pyrotechnic valve Statement of Work
	

	IEST-STD-CC1246
	Product Cleanliness Levels And Contamination Control Program
	Jan. 2002

	NASA-HDBK-4002
	Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging
	Feb. 1999

	MIL-PRF-27401
	Propellant, Nitrogen, Pressurizing Agent
	D/Oct. 1995

	MIL-PRF-27407B
	Propellant, Helium, Pressurizing Agent
	B/Aug. 1997

	MIL-STD-1540B
	Product Verification Requirements For Launch, Upper Stage, And Space Vehicles
	D/Jan. 1999

	MIL-PRF-27415
	Propellant Pressurization Agent, Argon
	A/Dec. 1997

	JSC-28596A
	NASA Standard Initiator User's Guide
	

	AFSPCMAN 91-710  
	Range Safety User Requirements Manual
	July 2004

	TT-I-735
	Isopropyl Alcohol
	A/July 1963

	MS-33540
	General Practices for Safety Wiring
	

	MIL-STD-883
	Test Method Standard Microcircuits
	F/June 2004

	GSFC-STD-7000
	General Environmental Verification Standards (GEVS)
	A/June 1996

	NASA-HDBK-7005
	Dynamic Environmental Criteria
	March 2001

	NASA-STD-7001
	Payload Vibroacoustic Test Criteria
	June 1996

	NASA-STD-5001  
	Structural Design And Test Factors Of Safety For Space Flight Hardware
	June 1996

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

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


2.2 Definitions

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

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. 

Prototype Hardware:  Non-flight hardware intended to qualify flight hardware of a new design.  The hardware is subject to QUALIFICATION Test levels and durations.

Normally Closed (NC):  Pyrotechnic valve that does not allow propellant or pressurant flow prior to actuation and allows flow after actuation.

NASA Standard Initiator (NSI):  Pyrotechnic initiators, activated by a large current, that when activated set off the booster charge within the pyrotechnic valve body to actuate the pyrotechnic valve.

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.

Lot Acceptance Test (LAT):  Functionality tests of the pyrotechnic valves shall be accomplished by randomly selecting pyrotechnic valves from the production run of the flight pyrotechnic valves and testing them pre- and post-actuation.

3.0 REQUIREMENTS

All of the written requirements in this document must apply for the entire spacecraft (S/C) life, as defined in section 3.6.  

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.”

3.1 Description

The pyrotechnic valves will be single-use flow components for the propulsion system.  They will each be comprised of two (2) NASA standard initiators (NSIs), a booster charge, a ram, and a flow path.   Prior to initiation, the pyrotechnic valve will be a closed flow path (normally closed type), and after actuation, via an electrical charge, the pyrotechnic valves will switch from closed to open.

3.2 Functional and Performance Requirements

The type of pyrotechnic valve used on LRO shall be a normally closed, two-way pyrotechnic valve with 0.25 inch (0.635 cm) tubes.  There will be two (2) of these used on LRO and one flight qualified spare.  The following requirements will apply to this valve.

3.2.1 Pressures

The maximum expected operating pressure (MEOP), proof pressure, and burst pressure for the pyrotechnic valve is detailed in Table 3‑1.  The proof pressure is 1.5 x MEOP, and the burst pressure is 2.5 x MEOP.  Proof pressure tests shall be done for a minimum of 1 minute at both ports of the valve.  The test will occur on both the acceptance and LAT Units, pre- and post-actuation.

Table 3‑1: Pyrotechnic Valve Operating Pressures

	MEOP, psia (MPa)
	Proof Pressure, psia (MPa)
	Burst Pressure, psia (MPa)

	4200 (28.96)
	6300 (43.47)
	10500 (72.39)


3.2.2 Leakage

Each pyrotechnic valve shall abide by the following the leakage rate requirement. The specified rate shall apply to:

· Leakage from the inlet to the outlet in the pre-fire configuration of a normally closed valve

· External leakage from either the inlet or the outlet in the pre-fire configuration of a normally closed valve

· External leakage in the post-fire configuration of a normally closed valve

3.2.2.1 Internal Leakage

· The internal total leakage rate shall be no greater than 1x10-6 sccs GHe with upstream ports pressurized to the MEOP.

3.2.2.2 External Leakage

· The external total leakage rate shall be no greater than 1x10-6 sccs GHe with both ports pressurized to the MEOP.

3.2.3 Flow Rate

The pyrotechnic valve shall be capable of a flow rate of 4.01 x 105 sccs (8.5 scfm ) GHe with a pressure loss of no greater than 1 psid (6894.757 Pascals differential).

3.2.4 Fluid Compatibility

The pyrotechnic valves, including all welds, shall show no degradation due to exposure for a 26-month period, to any of the following fluids:

· Hydrazine vapor

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

The pyrotechnic valves, 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 fluids, the pyrotechnic valves shall be flushed and dried by vendor-prepared and NASA-approved procedure.

3.2.5 Initiators

The pyrotechnic valve shall be initiated with a NASA standard initiator (NSI) per JSC-28596A.  Each pyrotechnic valve shall incorporate two (2) NSIs either of which shall be sufficient to actuate the pyrotechnic valve.  NASA shall supply and install the NSIs.  As no NSIs will be delivered with the pyrotechnic valves, the vendor shall install plugs in place of the NSIs for delivery.

3.2.6 Blowby

Internal contamination (contamination in the gas stream) generated during actuation shall be no more than 5.0 mg of filterable solids on a 0.5 micron filter.

3.2.7 External Contamination

There shall be no contamination ejected external to the valve housing, including any gases escaping past the NSIs.

3.2.8 Lock Shut

The pyrotechnic valves shall be able to withstand the lock shut condition with no debris or shrapnel generated from the pyrotechnic valve body and no hot gases vented external to the valve.  The lock shut condition occurs if the piston is not allowed to stroke after the NSI is fired, and debris or shrapnel could be created from the pressure build-up between the ram and the NSIs.

3.2.9 115% Load

The pyrotechnic valves shall function properly with 115% of the equivalent pyrotechnic load at the highest operational temperature listed in Section 3.5.

3.2.10 85% Load

The pyrotechnic valves shall function properly with 85% of the equivalent pyrotechnic load at the lowest operational temperature listed in Section 3.5.

3.2.11 Ram/Bore Interface

The ram/bore sealing surface interface shall be an interference fit type.

3.2.12 Flow Barrier

The internal flow barrier (prior to actuation of a normally closed pyrotechnic valve) shall be a continuous unit of non-welded parent material.

3.3 Physical Characteristics

3.3.1 Mass

Each as delivered pyrotechnic valve mass shall be less than or equal to 0.18 kg (0.4 lb).

3.3.2 Fluid Interfaces

The fluid interface on both the inlet and outlet of the pyrotechnic valves shall consist of straight tubing that can later be welded directly to the LRO propulsion module.  The interface tubes shall be made of 304L Stainless Steel, have a length of 2 inches, tube outside diameter of 0.25 in ± 0.005 in (0.635 cm ± 0.0127 cm), and a tube wall thickness of 0.035 in (0.0889 cm) ± 15%.  Interface tubes shall be included in the mechanical ICD.

The pyrotechnic valve shall meet all functional and operability requirements in this specification with the interface tubes installed.

3.3.3 External Adjustment

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

3.3.4 Finish

All parts should be passivated.  

3.3.5 Identification and Marking

Each unit 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.

3.3.6 Cleanliness (Internal and External)

The pyrotechnic valves shall be cleaned, and verified internally clean to level 100A per IEST-STD-CC1246D as modified by Table 3‑2 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 3‑2: 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.

3.3.7 Locking Threaded Parts

All threaded parts shall be positively locked with either lock nuts or lockwire conforming to MS 33540.  The main body of the pyrotechnic valve shall have two sets of lockwire holes (shown on the mechanical ICD) so the NSIs can be lockwired to it.

3.4 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.

3.4.1 Environments

3.4.1.1 Launch Limit Loads

The component shall demonstrate its ability to meet its performance requirements during and after being subjected to a limit load of 39.9g in any direction.  Note that this design limit load is intended to only cover the low frequency launch environment and must be used in conjunction with the random vibration environments to assess structural margins.

3.4.1.2 On-Orbit Limit Loads

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

3.4.1.3 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 3‑3: 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.

3.4.1.4 Acoustics

The component shall be designed to meet its performance requirements after being subjected to both acoustic environments listed in the table below.  The sound pressure levels are based on the specified launch vehicles only.  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 3‑4: 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

3.4.1.5 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 3‑5: 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


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.

3.4.1.6 Shock

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

Table 3‑6: External Shock Limit Level Response Spectrum
	Frequency (Hz)
	Level (Q=10)

	100

100 to 1000

1000 to 10000
	150 g

+9.2 dB/Octave

5000 g


3.4.2 Frequency Requirement

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

3.4.3 Verification Requirements

3.4.3.1 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 (e.g. glass)).  

Table 3‑7: 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

3.4.3.2 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 3‑8: 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.

3.5 Thermal Requirements

3.5.1 Flight Interface Design Temperature Limits

The pyrotechnic valves shall be capable of operation with baseline temperatures defined in Table 3‑9.  Unless specifically approved by the COTR, the thermal design shall dissipate heat conductively through the mounting interface, which should be assumed to be at the qualification temperatures.

Table 3‑9: Temperature Limits at Mounting Interface
	Condition
	Cold Limit 

(degrees C)
	Hot Limit 

(degrees C)

	Operational Temp   (nominal expected orbital range)
	-40
	+40

	Acceptance Temp  (test temperatures for flight units ) conducted only on flight hardware for which the design has already undergone a Qualification Program.


	-45
	+45

	Qualification Temp (maximum performance limits; test temps for first of multiple flight units if design not previously qualified)
	-50
	+50

	Survival Temp (the pyrotechnic valves must withstand these temperatures without sustaining permanent damage)
	-60
	+50


3.6 Life Requirements

3.6.1 Mission Life

The component shall meet all performance specifications for a minimum of 5.5 years after being pressurized to MEOP for launch.  This includes 6 months prior to launch and 5 years in space after launch.

3.6.2 Shelf Life

The component shall not suffer any degradation in performance or require any maintenance when stored or undergoing ground test for five (5) years prior to the required mission life. 

3.7 VACUUM
The pyrotechnic valve shall be capable of meeting all performance requirements at ambient as well as when exposed to a vacuum environment of 1 x 10-5 Torr, or less.

3.8 Humidity

The pyrotechnic valves shall be capable of meeting the requirements herein during and after exposure to 0 to 70% relative humidity for 2 years.

3.9 External Depressurization

Pyrotechnic valves must survive the depressurization from 1 atm to 1 x 10-5 Torr in 30 seconds.
4.0 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.

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 property (i.e. mass, dimensions, etc.) demonstrating the hardware meets 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

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.

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.  A complete record of any exceptions taken to this requirement shall be included in the test report.

4.4.2 Modification of Hardware

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

4.4.3 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.

4.5 Required Verification Methods

All pyrotechnic valves shall undergo certain inspections, and a subset shall undergo lot acceptance tests.  Some environmental capabilities shall be determined from prototype tests.  The specific tests are detailed below:
Table 4‑1: Verifcation Tests
	Type of Test
	Comment
	Requirements

	Qualification Test
	The pyrotechnic valve ports shall be at their operating pressures during prototype tests. 


	· Loads

· Random vibration

· Shock

· Thermal cycling per section 4.5.5.

· Burst pressure test

· Leakage, internal and external

· 115% load test

· 85% load test 

· Flow

	Acceptance Test
	Each pyrotechnic valve shall be 100% inspected
	· Visual inspection (looking for defects in workmanship, surface finish near seal areas, lubricant application, in-process inspection that piston moves, freely in the housing bore, etc.)

· Dimensional inspection

· Weight

· X-ray to make sure all internal pistons/seals/etc. are in place, and to make sure there are no defects or contamination inside the unit.

· Random Vibration

· Leakage, internal and external

· Thermal cycling per section 4.5.5
· Proof pressure test

	Lot Acceptance Tests (LAT)
	This test shall be subjected to a random sample of two (2) pyrotechnic valves, from the production lot, that are assembled as if they were mounted to the spacecraft structure.

LAT pyrotechnic valves shall be fired with two NSIs installed, but only one will be fired for actuation.  The ports shall be pressurized to the expected pre-fire pressure for each valve configuration.


	· Thermal cycling per section 4.5.5.

· Random vibration

· Functional (operating) test at acceptance temperatures (one pyrotechnic valve is to be fired at the maximum acceptance temperature and one fired at the minimum acceptance temperature per 3.5.1)

· X-ray of the fired valves to verify ram position

· Shock output test (to be coordinated with GSFC)

· Post-fire leak test

· Proof Pressure Test


4.5.1 Weight and Envelope Measurement

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

4.5.2 Performance Tests

The component shall be tested to demonstrate compliance with performance requirements, including alignment if necessary.  Performance Tests are detailed functional tests conducted under conditions of varying internal and external parameters with emphasis on all possible modes of operation for the component.  A Performance Test shall be conducted at the beginning and end of each acceptance test.  Functional Tests are abbreviated Performance Tests done periodically during or following the component environmental testing in order to show that changes or degradation to the component have not resulted from environmental exposure, handling, transporting, or faulty installation.  

4.5.2.1 Leakage Test

The leakage shall be in compliance with Section 3.2.2 of this document.  These requirements shall be verified before and after the random vibration and thermal vacuum tests.

4.5.2.2 Proof Pressure Test

The pyrotechnic valves shall be pressurized to the levels described in Section 3.2.1.  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.

4.5.2.3 Flow Test

The pyrotechnic valves shall show compliance with the flow rate and pressure drop requirements stated in Section 3.2.3.  This shall include all NC valves that are fired after lot acceptance testing.
4.5.2.4 Shock Test

The pyrotechnic valve shall be subjected to a shock test to verify the requirements specified in Section 3.4.1.6.  Components that are powered on at launch shall meet this requirement when powered (note: the pyrotechnic valves are not powered on at launch).

4.5.2.5 Shock Output Test

The shock output test shall be performed during actuation of the LAT units.  The LAT units shall be instrumented with accelerometers so their shock output during actuation can be characterized.  Mounting and accelerometer configuration shall be coordinated with GSFC.

4.5.2.6 115% Load Test

The pyrotechnic valve shall be subjected to 115% of its load as specified in Section 3.2.9 of this document.

4.5.2.7 85% Load Test

The pyrotechnic valve shall be subjected to 85% of its load as specified in Section 3.2.10 of this document.

4.5.3 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.

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

4.5.3.1 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.

4.5.3.2 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

4.5.3.3 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.

4.5.4 Random Vibration

The pyrotechnic valve shall be subjected to a random vibration test along each axis to the appropriate levels shown in Section 3.4.1.5.  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.

Components which are powered on at launch shall meet this requirement when powered.

(NOTE:  All pyrotechnic valves are powered off at launch.)

The duration for the test shall be one (1) minute per axis for Acceptance and Protoflight Tests and two (2) minutes per axis for Prototype Tests.

4.5.5 Thermal Cycle Test

Pyrotechnic valves shall be cycled at temperatures beyond those predicted on orbit.  The thermal cycle test program is outlined below.

Prototype Units

· Prototype Units tested to eight (8) thermal cycles using Qualification temperatures from Section 3.5.1 as the test temperature.  

· Leak test per Section 3.2.2 performed before and after thermal cycling.
· After thermal cycling, one prototype unit is to be burst test per Section 3.2.1.
· After thermal cycling, one prototype unit is to be actuated with 115% equivalent pyrotechnic load per Section 3.2.9 at the hot plateau.
· After thermal cycling, one prototype unit is to be actuated with 85% equivalent pyrotechnic load per Section 3.2.10 at the cold plateau.
LAT Units

· (1) LAT Unit tested to eight (8) thermal cycles using Acceptance temperatures from Section 3.5.1 as the test temperature

· Performance test (actuation) will be performed on the last hot plateau.

· (1) LAT Unit tested to eight (8) thermal cycles using Acceptance temperatures from Section 3.5.1 as the test temperature.

· Performance test (actuation) will be performed on the last cold plateau.

Flight Units

· Each flight unit tested to eight (8) thermal cycles using Acceptance temperatures from Section 3.5.1 as the test temperature.

· Leak test per Section 3.2.2 performed before thermal cycling, and on the last hot and cold thermal cycle plateaus.

Components shall be in flight configuration and subjected to the proof pressure stated in Table 3‑1.  However, in cases that do not involve mechanisms, thermal blankets may be omitted to speed the transition times between temperature extremes.   

The prototype unit is to be tested to 8 full cycles, start and end on hot cycle.  Use Qualification temperatures per Table 3‑9 as the “test temperature.”

4.5.5.1 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.

Figure 4‑1: Thermal Vacuum Profile
1=
Achieve survival temp, stabilize 1 hour, return to test temperature, turn on, soak at test temperature 4 hours.

2 =
Soak at test temperature 4 hours.

APPENDIX A:  Abbreviations and Acronyms


CE
Conducted Emissions


CS
Conducted Susceptibility


DA
Double Amplitude


EEE
Electrical, Electronic, and Electromechanical

EMI
Electro Magnetic Interference


EOL
End of Life


ICD
Interface Control Drawing


LAT
Lot Acceptance Test


LET
Linear Energy Transfer


LISN
Line Impedance Simulation Network


LRO
Lunar Reconnaissance Orbiter


M ohms
Mega ohms


MEOP
Maximum Expected Operating Pressure


NC
Normally Closed


NSI
NASA Standard Initiator


psid
Pounds per Square Inch Differential

RE
Radiated Emissions


RS
Radiated Susceptibility


S/C
Spacecraft


sccs
Standard Cubic Centimeters per Second


scfm
Standard Cubic Feet Per Minute

LRO
Lunar Reconnaissance Orbiter


SEB
Single Event Burnout


SEGR
Single Event Gate Rupture


SEE
Single Event Effects


SEU
Single Event Upset


SEM
Scanning Electron Microscope


SOW
Statement of Work


SPL
Sound Pressure Level


TID
Total Ionizing Dose


UUT
Unit Under Test
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