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Overview "

The purpose of this document is to define the contamination requirements associated with the FAME program and to present the overall contamination control program to be implemented for the FAME program.  

1.1 Overview

The FAME Contamination Control Plan (CCP) describes the methods and schedule to be used so observatory performance is not degraded by either particulate or molecular contamination of any spacecraft system.  The elements most at risk of degradation are the focal plane assembly, the telescope optical trains, and the two star trackers. 

The principal FAME contamination control goal is to maintain the cleanliness of the optical surfaces of the telescope and star trackers until the spacecraft is safely deployed in its final orbit configuration.  This includes ground and launch activities designed to reasonably assure that the spacecraft will not self-contaminate during its five year mission life. 

1.2 Scope

This document is one of the four phases of the Contamination Control Plan.  Collectively they define the contamination requirements and contamination control procedures for the FAME spacecraft from design and fabrication of components through integration and launch. Each organization providing flight hardware for the FAME program is responsible for complying with the provisions of this plan and the applicable documents cited herein. The FAME Contamination Control Engineer (CCE) shall resolve conflicting interpretations of this document.

1.3 Objectives0tc  \l 2 ".1
Objectives"


The objective of this contamination control plan is to provide guidelines for minimizing the condensable volatile and particulate contamination of critical surfaces over the duration of the FAME mission by building the cleanest possible spacecraft within reasonable cost and time constraints.  This primary goal requires the listing of the kinds and amounts of materials going into each spacecraft system so that a known potential for contamination can be assessed and modeled. Secondary objectives of this plan are measuring the outgassed products and quantifying the contamination rates before, during, and after the vacuum bakeout of each system so that known baseline cleanliness can be established.  Finally, by controlling the method of venting in major systems such as thermal blankets, this plan attempts to minimize the effect of outgassed species on the sensitive optical instruments. 


The guidelines given in this document are designed to provide a reasonable level of protection for the highly sensitive optical elements located in the imaging telescope and star trackers.  Not all of the measures given here apply to all equipment on the electronics section of the spacecraft.  These exceptions are stated in the plan.  The Contamination Control Engineer, where required, can make further clarification.


This document, Phase II, will concentrate in more detail on the fabrication, assembly and test of the flight hardware.  The emphasis of Phase I was on materials selection and flight hardware design.  Phase III will focus on the spacecraft integration and testing efforts.  Finally, Phase IV will cover pre-launch activities, launch and on‑orbit operations.

1.4 Approach.

A comprehensive approach to contamination control has been developed for the FAME program. The approach is as follows:

Evaluate mission objectives and performance goals.

Identify contamination-sensitive surfaces on both the instrument and spacecraft bus.

Assess performance degradation as a function of contamination accumulations.

Determine acceptable performance degradation levels.

Design an appropriate contamination control program which aids in ensuring allowable contamination levels will be met for each mission phase:

· Design

· Fabrication

· Assembly

· Integration and testing

· Transport and storage

· Pre-launch / launch site

· Launch

· On-orbit

· Post mission

Evaluate all categories of issues.

· Materials selection

· Clean room requirements

· Personnel requirements

· Handling requirements

· Hardware cleaning

· Monitoring program

· Vacuum bakeout program

· Protective devices

Develop necessary documentation in support of contamination control program.

Perform analyses and testing to verify contamination levels and performance degradation effects.

Implement contamination control program. 

Provide ongoing assessment of cleanliness levels.

Identify and support pre-launch activities and requirements.

Perform final pre-launch certifications.

Monitor on-orbit operations.

Assess on-orbit contamination levels.
1.5  Background2tc  \l 2 "1.
Background"

Serious contamination of spacecraft scientific instruments, thermal control surfaces, optics, and other critical components is directly related to the improper selection of materials, lack of thoughtful spacecraft vent design, and inadequate attention to cleanliness during fabrication, assembly, bench testing, and pre‑flight check‑out.  Particulates and thin films of a contaminant can significantly alter the properties (transmittance, scatter, reflectivity) and performance (BRDF) of an optical system. 

The FAME spacecraft is an imaging telescope that is designed to measure the positions, motions, parallaxes, and photometry of stars as faint as 15th order.  The stars will be observed with color filters to measure their photometric magnitudes.  The instrument is designed for a five year lifetime.
The purpose of this document is to provide a minimum guideline for the development of fabrication, cleaning, and handling procedures for delivering spacecraft flight hardware.  It is an attempt to standardize procedures throughout the FAME program.

The importance of establishing and enforcing good procedures, and the education of clean room personnel in those procedures cannot be overstated.  Mishandling of well designed and previously cleaned components can result in a higher level of contamination than what may have been present before bakeout and final cleaning. Human activity is the largest single contamination source for any flight hardware.  All fabrication personnel are encouraged to review clean room and quality assurance procedures.

1.6  Documentation3tc  \l 2 "1.
Documentation"

Documentation is one of the more important steps in any Contamination Control Plan.  A Phase II compliance report will show that the Plan has been followed and any deviations from it noted.  A very important purpose of this documentation is to provide the necessary information to assist in solving problems on orbit.  The report will consist of several sections including the following topics.   The report should document the results from all bakeouts of the components and subsystems used to fabricate the instrument and spacecraft bus. These reports should be created in boilerplate form and simply have the data acquired during bakeout entered at the appropriate positions.  A cleanliness level record for all facilities used during assembly, testing, and integration should be included.  Environmental testing areas should have facility reports as well.  A logbook shall be maintained which indicates the date and time of cleaning for all critical optical elements.  The cleaning method and materials used will also be listed.  Finally, a statement indicating the stage of fabrication at which the cleaning occurred (e.g. final assembly) should also be included in the record.  Any nonconformance or problem / failure reports shall also be included.  All deviations the Contamination Control Plan must be noted exactly as to the nature of the occurrence and the solution employed.  Each subcontractor shall be responsible for providing the information for their components.
For particle evaluation, the percent of area covered (PAC) and the size distribution of the particles shall be reported.  A spectroscopic analysis shall be conducted when evaluating the residues on witness plates.   This information will be used to determine the characteristics of the outgassing of various spacecraft systems. 
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Applicable Documents and Terminology"

The following documents should be applied at the appropriate times.  Unless otherwise specified, the latest revision in effect shall apply.

2.1 FAME Project Documents2tc  \l 2 ".1
NEMO Projects Documents"


NCST-ICD-FM001
Full-sky Astrometric Mapping Explorer (FAME) Spacecraft Bus to Instrument Interface Control Document (ICD)


NCST-D-FM007 (Phase I)
FAME Contamination Control Plan – Phase I, “Materials Selection and Flight Hardware Design”

NCST-D-FM007 (Phase III)
FAME Contamination Control Plan - Phase III, “Spacecraft Integration and Test”

NCST-D-FM007 (Phase IV)
FAME Contamination Control Plan - Phase IV, “Launch Site Operations”


NCST-CCP - BOP 
FAME Contamination Control Plan – Bakeout Procedure


NCST– SP - Cleaning
FAME Contamination Control Plan, “Spacecraft Cleaning Procedure for Contamination Sensitive Surfaces”  


NCST-XX-YYY
FAME Integration and Test Procedure and Schedule

NCST-XX-YY

FAME Environmental Test Plan
2.2 Government Documents2tc  \l 2 ".2
Government Documents"


FED‑STD‑209E        
Clean Room and Work Station Requirements, Controlled Environment


GSFC-TLS-PR-7324-01
Contamination Control Procedure for Tape Lift Sampling of Surfaces


MIL‑HDBK‑406

Contamination Control Technology


MIL‑STD‑1246B

Product Cleanliness Levels and Contamination Control Program


NASA‑SP‑5076       
Contamination Control Handbook


NASA-SPR-0022

Material Selection and Outgassing

NASA RP 1124

Outgassing Data for Selecting Spacecraft Materials


NASA‑JSC‑08962C
Compilation of VCM Data of Non‑Metallic Materials (reference only; lists approved shuttle materials)


NASA-JSC-SN-C-0005
Contamination Control Requirements for the Space Shuttle Program


T.O.00‑25‑203      
Contamination Control of Aerospace Facilities, U.S. Air Force; Change 11 ‑ 21 March 1985.


UCID‑19022          
Fundamentals of Contamination Control Technology

2.2.1 Notes2tc  \l 3 ".2.1
Notes"

FED‑STD‑209D
Standardizes air cleanliness classes for clean rooms by specifying the maximum allowable number of particles/ft3 of air and their distribution relative to size for a number of cleanliness classes.
MIL‑STD‑1246B
Standardizes the surface cleanliness levels of products based on particle size distributions and count (particles/ft2).
NASA/JSC SN‑C‑0005
Contains Contamination Control requirements applicable to space vehicles and ground support equipment.  It includes “Visibly Clean” classes and how to measure related to particles.

2.3 Industrial Documents2tc  \l 2 ".3

seq level2 \h \r0 
Industrial Documents"

ASTM F24‑83
Measuring and Counting Particulate Contamination on Surfaces
ASTM F25‑88
Sizing and Counting Airborne Particulate Contamination in Clean Rooms and Other Dust Controlled Areas Designed for Electronic and Similar Applications

ASTM E595‑84
Test Method for Measuring TML and CVCM of Volatile Condensable Materials

ASTM E834‑87
Determining Vacuum Chamber Gaseous Environment Using a Cold Finger

ASTM 1216-87
Standard Practice for Sampling for Surface Particulate Contamination by Tape Lift

ASTM E1234‑88
Handling, Transporting and Installing Non‑Volatile Residue (NVR) Sample Plates Used in Environmentally Controlled Areas for Spacecraft

ASTM E1235‑88
Gravimetric Method of Non‑Volatile Residue (NVR) in Environmentally Controlled Areas for Spacecraft 

ASTM D3416‑78

Total Hydrocarbons, Methane, and Carbon Monoxide in the Atmosphere (Gas Chromatographic Method)

ASTM-F312-69

Standard Methods for Microscopial Sizing and Counting Particles from Aerospace Fluids on Membrane Filters

2.4 Contractor/Subcontractor Documents2tc  \l 2 ".4
Contractor/Subcontractor Documents"
 

P546614
FAME Program - Contamination Control Plan,  Lockheed-Martin

2.5 Definitions2tc  \l 2 ".5
Definitions"

2.5.1 Terminology2tc  \l 3 ".5.1
General Terms"

The following definitions are included to establish the meaning of FAME contamination control terminology:

a) Bi-directional Reflectance Distribution Function (BRDF) ‑ The radiance of a scattering surface measured at a specified range of angles away from the specular compared to the source radiance at a given angle.

b) Clean Area - Area where airborne particle contamination levels are strictly controlled by air filtration and regulation of particle sources. Clean rooms, clean tents, and clean benches are the most common types of clean areas.

c) Contamination - Unwanted material that degrades the desired hardware function. Contamination is usually separated into two types: particulate and molecular.

d) Contamination Control - Organized action to control contamination levels.

e) Critical Surface ‑ any surface of an item or structure required to meet a specified cleanliness condition.

f) Conventional Industrial Area ‑ an area in which the contamination environment is not controlled.

g) Environmentally controlled areas ‑ cleanrooms, clean facilities, controlled work areas and other enclosures that are designed to protect hardware from contamination.

h) Fiber - Particle with a length to width ratio exceeding 10:1 and a minimum length of 100 microns.

i) Gross Cleaning - Cleaning hardware surfaces in a normal work environment to visual inspection standards. This step precedes precision cleaning.

j) Nitrogen Purge - Pressurized flow of clean, dry nitrogen through a system to displace impurities and reactive species.

k) Nonvolatile Residue (NVR) ‑ soluble material remaining after evaporation of a volatile solvent, or determined by special purpose analytical instruments, usually measured in milligrams per unit area.

l) Particle - Small quantity of solid or liquid material with definable shape or mass.

m) Particle Size - Maximum linear dimension or diameter or a particle.

n) Precision Cleaning - Cleaning process done in a clean area to attain a specific, quantitative cleanliness level.

o) Sensitive Surfaces - Flight hardware surfaces requiring a specific cleanliness level to meet minimum performance requirements.

p) Solvent Flushing - Pressurized stream of filtered solvent directed against a surface to dislodge and rinse away contaminants.

q) Solvent Washers - Quantitative method of verifying MIL-STD-1246 NVR levels by measuring molecular contamination in a solvent washed over surface.

r) Surface Cleanliness Level - Established maximum allowable particle and NVR contamination ranging from visibly clean to specific MIL-STD-1246 levels.

s) Swab Sample - Qualitative method of identifying contaminants by analyzing residue on a solvent soaked swab wiped over a surface.

t) Tape lifts - Quantitative method of verifying MIL-STD-1246 particle cleanliness levels by measuring particle contamination on a tape sample that has contacted a surface.

u) Vapor Degrease - Item to be cleaned is exposed to heated solvent vapors that condense on the part and wash away contaminants.

v) Visibly Clean ‑ the achievement of a visibly clean surface when viewed without optical aids (except corrected vision) as measured by a specific method. This requirement will be accompanied by a description of the method of verification (e.g., when viewed from an approximate distance using oblique white light of an approximate intensity or under normal shop lighting, etc.).

VC:
Standard:  Cleanliness inspection which specifies an incident light of at least 50 foot-candles.  The surface to be inspected shall be observed by the unaided eye (except for corrected vision) at a distance of 5 to 10 feet.   

VCS:
Sensitive:  Cleanliness inspection which specifies an incident light of at least 100 foot-candles. The surface to be inspected shall be observed by the unaided eye (except for corrected vision) at a distance of 2 to 5 feet.

VCHS:
Highly Sensitive:  Cleanliness inspection which specifies an incident light of at least 100 foot-candles. The surface to be inspected shall be observed by the unaided eye (except for corrected vision) at a distance of 6 to 18 inches.

w) UV Lamp Clean ‑ is the achievement of a visibly clean surface when viewed without optical aids (except corrected vision) as measured under UV (black) light illumination.  Military or NASA standards do not exist for this type of cleaning.  Many contaminates that are too small to be easily seen under visible light inspection are readily seen and cleaned under the illumination of black light.  Fluorescence of the contaminants under black light illumination provides a means by which extremely clean surfaces can be cleaned and examined.  A directed output (spot) UV black-light flood lamp should be used.  A Spectronics Corporation, Model BIB-150B, UV Inspection Lamp with spot bulb or equivalent lamp system should be used for inspections and cleaning.  The lamp should be directed at the part under inspection at a distance of 6-18 inches.

2.5.2 Contamination Control Standards
Contamination control requirements are expressed in accordance with the following standards:

a) MIL-STD-1246, “Product Cleanliness Levels and Contamination Control Program”, establishes quantitative methods for describing surface particle and NVR levels.  Particle levels are denoted by a number (100, 480, 650, etc…) while molecular NVR levels are represented by a letter (A, B, C, etc…).  The number describing the particle level reflects a log2 – log distribution of particle size and number.  This relationship is illustrated by the graph in Figure X-X and summarized in Table X-X for different particle levels.  The letter representing the NVR level signifies an NVR concentration (mg/0.1 m2) within defined limits.

b) NASA-JSC-SN-C-0005, “Contamination Control Requirements for the Space Shuttle Program”, establishes methods for qualitative surface contamination evaluation.  The evaluation method requires surface examination from a prescribed distance with an inspection lamp meeting or exceeding a specified intensity.  When no contamination is visible on a surface undergoing inspection in this manner, the surface is deemed “visibly clean”.  There are three grades of visibly clean surfaces, standard, sensitive, and highly sensitive, which are distinguished by different inspection lamp intensity and inspection distance requirements.

c) FED-STD-209, “Federal Standard, Airborne Particle Cleanliness Classes in Cleanrooms and Clean Zones”, governs the measurements of airborne contamination. It defines a term, the clean area “class”, which acts as a rating for clean area airborne particle levels. This term is approximately equivalent to the base 10 logarithm of the number of particles greater than 0.5 microns per cubic meter of air.
3 Fabrication, Assembly, and Test3
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Fabrication, Integration, and Test"

3.1 PRIVATE 
 Facility Environment 3tc  \l 2 ".1
Facility Environment "

The types of facilities in which the FAME instrumentation will be fabricated, tested and integrated can be broken into four (4) classifications.  They are cleanrooms, controlled environment areas, general cleanliness areas, and shop areas without special cleanliness or environmental controls.  A description of these areas and types of controls are as follows.  

3.1.1 PRIVATE 
Clean Rooms3tc  \l 3 ".1.1
Clean Rooms"

Instrument and subsystem development will utilize various cleanrooms classified between Class 10 and 100,000.  Additionally, portable clean tents and benches will be used in the fabrication, assembly, and testing of the all instrumentation.  These clean rooms shall be operated in accordance with Federal Standard 209D.  In addition, methane equivalent hydrocarbon levels shall also be monitored.  Witness plate procedures for particulate settling and nonvolatile residues are described in Section 5.4.3 of Phase I.  

Operational procedures covering clean room garments, monitoring personnel behavior, materials and equipment controls, cleaning procedures and quality assurance requirements are covered by the FAME contamination control specification and documents.  The instrument will be developed by Lockheed-Martin and will use the specifications given in their contamination control document, P546614.  NRL and other subcontractors (e.g. Star Trackers) will use the specifications listed herein. Prior to entering the clean room, all materials, fixtures, and equipment shall be precleaned by solvent wiping, vapor degreasing, vacuuming and other processes to remove contamination.  Cleaning procedures and results shall be verified by inspection.

Post-delivery testing of the FAME instrument and various subsystems will occur prior to spacecraft integration.  Bench acceptance tests of the FAME instrument will occur in a Class 1000 (TBR) facility.  Star trackers and other less contamination sensitive instrumentation will be inspected in a class 10,000 environment.  Thermal blanket fabrication will take place in a Class 10,000 clean room.  Cleaning, inspection, and final enclosure of the non-contamination critical electronic subsystems, components, and cable assemblies will take place in a Class 10,000 facility. 

3.1.2 PRIVATE 
Controlled Environment Area3tc  \l 3 ".1.2
Controlled Environment Area"

Environmentally controlled areas will be used for the manufacture of FAME electronic components, subassemblies, and cable assemblies and for some testing.  These areas have humidity and temperature monitoring and filtered air.  They are cleaned to maintain a visibly clean (VC) level.  Final assembly and closeout of these items after bakeout must be conducted in a cleanroom facility specified in section 3.1.1. 

3.1.3 PRIVATE 
General Cleanliness Areas3tc  \l 3 ".1.3
General Cleanliness Areas"

General cleanliness areas will be used for manufacturing and some testing of FAME subassemblies.  An example of this type of facility is a vibration test laboratory.  Housekeeping is maintained in these areas to a visibly clean level.  

3.1.4 PRIVATE 
 Shop Areas3tc  \l 3 ".1.4
Shop Areas"

General shop areas are used for the machining and fabrication of parts such as chassis and ground support equipment.  Since the type of operations occurring in these areas, such as machining, produce large quantities of particulates and use hydrocarbon oils, these areas are not considered contamination controlled environments.  These areas have periodic housekeeping to remove gross dirt, and parts are cleaned before becoming part of a higher order assembly.  Parts are inspected to at least Visibly Clean Level 2 per SN‑C‑0005 before entry into a clean room. Critical surfaces are inspected to a higher level by swab sampling.

3.2 PRIVATE 
Organization of Fabrication Flow3tc  \l 2 ".2
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Organization of Fabrication Flow"

Figure 1 shows an example of a process flow chart, beginning with design and materials selection, through bench testing.
  A flow chart of this type makes the work flow clear, and will allow for scheduling at each step in the process.  Potential bottlenecks, such as bakeout, can be scheduled and attempts made to minimize the bottlenecks in the process flow.

All flight hardware, regardless of location (optical train, payload deck, non-instrument facing deck, external panels, or internal spacecraft structure), shall be kept as clean as possible throughout the manufacturing process. Contamination intensive operations, such as drilling, welding, soldering, etc. should have approved cleaning procedures, which immediately follow the completion of the operation.  At a minimum, a gross cleaning process should remove grease, oil, and fluxes. Items to undergo surface treatment (e.g. priming, painting, alodyning, etc.) must be pre-cleaned and have at least a visual inspection prior to the coating application.

The level of cleanliness for the various spacecraft elements varies.  Standard spacecraft cleaning procedures are appropriate for the subsystems on the non-instrument deck, external panels, and in the internal spacecraft structure.  Once cleaned, these elements should only be handled with gloved hands.  For instruments on the payload deck or in view of the instrument, more stringent requirements (described herein) are required.  These requirements also depend upon the stage of integration.  For instance, once fully assembled and under purge, handling and environmental requirements for the instrument will become easier to meet.

If there are any areas, which will be sealed off and become inaccessible to later cleaning operations, these areas should receive a precision cleaning and Quality Assurance inspection prior to becoming inaccessible.

Cleaning and Q.A. inspection procedures shall be available for review by the FAME quality assurance personnel or representatives.  These procedures should include at least solvent wipe, vapor degrease, and vacuum dusting procedure processes.

3.3 PRIVATE 
Scheduling for Bakeout3tc  \l 2 ".3
Scheduling for Bakeout"

Due to the length of time required to bakeout parts, this step should be scheduled as soon as is practical.  If critical optical components or components to be placed within the instrument or near the instrument apertures are involved, a witness mirror shall be included in the vacuum chamber during bakeout.   A report describing the analysis of the witness sample shall become a part of the deliverable hardware and documentation package.

3.4 PRIVATE 
Nitrogen Purging3tc  \l 2 ".4
Nitrogen Purging "

Since particulate contamination is the primary source of performance degradation for the optics of the instrument, it will be under a constant purge of clean, dry gaseous nitrogen.  The purge will be initiated once the instrument has been assembled into an enclosure.  Prior to this time, HEPA filtered air will be blown across all surfaces of the sensors.  The purge gas will be introduced into the enclosure at a mechanically convenient point, as close as possible to the most sensitive optic elements (typically close to the detector array).  The purge gas will flow through the sensor and be expelled through the instrument aperture or other designed exit path.  Exit ports should either consist of a labyrinth seal or have a fine mesh filter to limit backflow.


The purge gas may be either research-grade or equivalent (liquid boil-off) nitrogen.  Residual water vapor, hydrocarbon, and particulate levels for the nitrogen purge gas are specified in Section 4.6 of Phase I of this Contamination Control Plan. The table is reproduced below for reference.   All fittings must be stainless steel, including any regulators.  Brass fittings are too soft and are particle generators.  The tubing used as the nitrogen gas conduit must be non-contaminating, such as Swagelok PFA tubing.  The instrument enclosure shall have a purge pigtail that is terminated in a 0.5-micron filter.  This filter will remain attached to the instrument until final launch closeout of the fairing.  It must be securable to the instrument enclosure of surrounding fixtures so that it will remain attached to the instrument during all environmental tests.  When the purge is interrupted for transport the entrance-end of the filter will be capped.  Reverse flow will be eliminated with either a check valve or flow tube.

Flow rates will be determined by mandating sufficient complete air changes per hour to achieve the desired cleanliness level.  To prevent back streaming of contaminants into the instrument (or other sensitive elements), a pressure differential of at least 0.2 psi must be maintained.  The higher pressure within the instrument will ensure that only an outflow of purge gas from the instrument will occur.  To maintain this pressure a minimum of 25-30 air changes an hour will be required.  Once the volume of the instrument enclosure is determined through analysis of the mechanical drawings, the appropriate amount of purge gas will be determined and regulated with an in-line flow tube.  As with all fixtures, the flow tube must be constructed of all stainless steel components.

3.5 PRIVATE 
QCM Monitoring3tc  \l 2 ".5
COIS QCM Monitoring "

Quartz crystal microbalances (QCMs) are very sensitive monitors of contaminant film build-up.  They will be used extensively during subsystem bakeout procedures for determining test completion.  FAME currently has no plans for installing a QCM in the instrument for launch and orbital contamination monitoring.  
4 PRIVATE 
Recommended Bakeout Procedures4
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Recommended Bakeout Procedures"

Bakeout should occur at a point in the fabrication flow such that the component can present the largest possible internal surface area directly to the vacuum environment.  Boxes should be open, and compound boxes be disassembled.  The area available via depressurization vents is not sufficient for timely bakeout cycles, and should not be relied on for decontamination.  

In the case of complex assemblies, more than one bakeout cycle may be required to minimize outgassing potential of the assembly.  For example, the internal components of a box may be baked out early in the testing and assembly, and then the complete assembly may be baked out after test and painting.  Any components that are reworked or replaced, due to failure, need to be baked out as well.

To characterize the clean, dry and empty (CDE) bakeout chamber, the chamber is loaded with any support equipment which will be present during the bakeout, such as cables, blankets, fixtures, etc. and heated to the bakeout temperature plus 10(C.  The time required for the pressure to reach 1x10‑6 ± 0.10x10‑6 Torr should be recorded.  When the chamber has returned to ambient temperature, the chamber may be opened and the hardware to be baked out loaded.  Any other use of the chamber between the CDE test and the bakeout invalidates the CDE data.  Ideally, the CDE test should be run before each bakeout to assure that previous use of the chamber did not cause a high level of residual contamination within the chamber.

Chamber pressure and temperature data profiles, as well as any instrument data generated in monitoring the bakeout and in characterizing the background of the bakeout vacuum chamber should be recorded the bakeout log as raw data and made available on request.  Information on the chamber setup is also desirable, including sketches of the equipment arrangement and instrument location.  Periodic reports are not required, but copies of the monitoring data for each set of hardware must be forwarded with the hardware traveler.

Following bakeout, parts must be bagged with an approved bagging material and the bag flushed with 99.9995% dry, oil free nitrogen gas and sealed.


4.1 PRIVATE 
Time/Temperature Estimates4tc  \l 2 ".1
Time/Temperature Estimates"

Figure 2 is derived from many years of bakeout experience. (at both NASA/Goddard and JHU/APL.)  For the purposes of this program, this figure may be used to derive approximate schedules for the bakeouts, but is not the final authority. Unless specifically approved by the contamination engineer, all bakeouts are to be monitored by at least one of the following:

a residual gas analyzer (RGA), or 

a combination of one or more temperature‑controlled quartz crystal microbalances (TQCMs) and witness plates.  

The instrument(s) selected to monitor the bakeout, whether it is the RGA, the TQCM, or a combination of the two, will supply the real‑time criterion of the completion of bakeout.  The monitoring equipment should be located such as to provide a direct line‑of‑sight to the components being tested. 

Under certain limited conditions, the Contamination Control Engineer may approve the procedure cited in 4.1.1, below, as an alternative, simplified bakeout procedure.  This procedure is intended for equipment located on the non-contamination critical areas of the spacecraft.  These surfaces include those not viewing the instrument, those on non-instrument sides of the spacecraft, or in the internal spacecraft structure only, and which has been shown to have a limited contamination redistribution potential.

4.1.1 PRIVATE 
Alternate Non-instrumented Bakeout Procedure4tc  \l 3 ".1.1
Alternate Non-instrumented Bakeout Procedure"

In cases where hardware to be installed does not view the instrument, is located on non-instrument facing external panels, or is internal to the spacecraft structure, it is possible to obtain a waiver from the instrumented bakeout requirements described above.  On approval of the FAME Contamination Control Engineer, the bakeout may be qualified by a time-temperature-pressure-monitoring regime as follows.  


Figure 3 is a general plot of the temperature‑pressure profile of a thermal-vacuum bakeout cycle.  When a vacuum of 5x10‑6 Torr is achieved at the initial temperature, T0 (usually ambient temperature), the chamber contents are heated to the bakeout temperature T1, beginning at time t1.  When the temperature is increased, the outgassing rate of the chamber contents, and therefore the total chamber pressure, increases. The elevated temperature is maintained until the total chamber pressure is reduced to 1x10‑6 Torr or less, shown in this plot at time t2.  The time required to achieve this pressure drop, t2‑t1, can be estimated from figure 2, above.

In some instances, the pressure will not drop as anticipated after the temperature is increased, as shown by the upper section of the pressure curve in figure 3.  If this should occur, the chamber should be opened and the source of this very high outgassing located.  For example, a foreign object such as a pen might have been left in the chamber, or a "sealed" package containing dirty materials may have started to leak.

In other instances, the pressure may come down toward 1x10‑6 Torr, but not quite reach it.  In many such cases, it has been found helpful to cycle the temperature between T0 and T1 until there is an improvement in the vacuum level.

When this non-instrumented bakeout is used, copies of the log entries and the data for chamber temperature and pressure over time, as well as the CDE data for the chamber, will be included in the data package forwarded with the hardware.

4.2 PRIVATE 
seq level2 \h \r0 Use of RGA sensor4tc  \l 2 ".2

seq level2 \h \r0 
Use of RGA sensor"

The use of a residual gas analyzer (RGA) aids the contamination engineer in identifying the outgassing species by their molecular weight (in atomic mass units, AMU) and the relative intensities (partial pressure) of each species.  Due to the fragmentation of complex species, such as higher molecular weight hydrocarbons, it is not always possible to identify the outgassing molecule by the molecular weight alone, but the possible population at the lower molecular weight end, such as H2O, N2, O2 , CO2 ,and SO2, is fairly straight forward.

4.3 PRIVATE 
Use of TQCMs and Witness Plates4tc  \l 2 ".3
Use of TQCMs and Witness Plates"

The use of the temperature‑controlled quartz crystal microbalances (TQCMs) and witness plates is to furnish a direct measure of the quantity (mass) of outgassing species collected on a surface at a given temperature.  The witness plates provide a post‑test backup for the real‑time TQCM data by providing an additional quantitative measure of the collected species, as well as providing for a possible identification of the collected species by chemical analysis of the residue.  

The witness plate surfaces should be at least compatible with, and preferably identical to, the critical surface in the current bakeout cycle, and the temperature chosen to match the on‑orbit operating temperature of the critical surface.

4.4 PRIVATE 
Analysis of Bakeout Witness Plates4tc  \l 2 ".4
Analysis of Bakeout Witness Plates"

The analysis of the bakeout witness plates should take place as quickly as possible after the completion of the test to certify that the bakeout was successful and to minimize any loss of collected material.  The large plates should be promptly removed from the vacuum chamber, their physical appearance noted (visibly clean or foggy, brown, etc.) and the deposited material washed off into a sample bottle.  The solvent should be stored in cleaned glass or Teflon bottles to prevent contamination of the solvent by materials extracted from the bottle. 

4.5 PRIVATE 
Recommended Qualification Levels for End‑of‑bakeout4tc  \l 2 ".5
Recommended Qualification Levels for End‑of‑bakeout"

4.5.1 PRIVATE 
RGA4tc  \l 3 ".5.1
RGA"

The hardware bakeout shall be deemed complete when the following two criteria are met.  First, all peaks at AMU greater than 44 have been reduced in amplitude to no more than 10% of the amplitude of the peak at 28 AMU. Secondly, the 28 AMU peak has been reduced to 50% of the initial peak amplitude recorded when the chamber was initially evacuated, prior to the temperature increase.

4.5.2 PRIVATE 
TQCM4tc  \l 3 ".5.2
TQCM"

The temperature of the TQCM should be held at 10oC below the minimum orbital hardware temperature from the beginning of the bakeout.  Frequent burn‑off phases may be required during the early stages of the bakeout to keep the TQCM output within the frequency range of the recording equipment.  A TQCM monitored bakeout shall be considered complete when the TQCM reading has reached a frequency level equivalent to [TBD] g/cm2/sec accumulation rate with no more than [TBD] g/cm2/sec variation over [TBD] hours.

The TBDs will be defined based upon an analysis of the instrument contamination budget.  This budget should be finalized shortly after the spacecraft PDR.

5 PRIVATE 
seq level1 \h \r0 

seq level2 \h \r0 Handling Procedures after Bakeout5

seq level1 \h \r0 

seq level2 \h \r0 tc  \l 1 ".0
Handling Procedures after Bakeout"

After a component or an assembly has been baked out, it must be handled and stored in a clean manner.  Components, which will be located on or near the instrument, will require cleaner handling than those to be placed away from the telescope assembly or internal to the spacecraft. The minimum required assembly and storage conditions for various components and subsystems are as follows:

	Subsystem:
	Assembly
	Storage

	Instrument
	100
	1000*†

	Star Tracker 
	100
	1000†

	Instrument Deck Sensors
	1000
	1000†

	Non-Instrument Deck Subsystems & Sensors
	10,000
	100,000

	Internal Spacecraft Structure 
	100,000
	300,000


* Storage while not under purge; † Should be bagged at all times
The spacecraft integration facility, where the spacecraft will be located through integration, test and pre-ship checkout is Class 10,000 or better.  Occasional movement of the spacecraft to less clean environments will be required for mass properties, environmental testing, and operations requiring a lifting crane.  All contamination critical surfaces (instrument, star trackers) will be covered during these operations. Additional, local areas, such as tents or adjacent rooms will provide higher cleanliness levels when they are required.  In addition to the above particulate classifications, the air in all storage and integration areas must be shown to have less than 15 ppm gaseous hydrocarbons (methane equivalent).

Laminar flow benches and clean tents may be used in addition to standard cleanrooms.  If used in a cleanroom to further improve the local environment, the benches and tents must be positioned in such a manner as to not impede the air flow pattern of the master cleanroom facility.  Subsystems, components, and thermal blankets should be covered with approved cleanroom bagging material whenever possible, since particulate contamination levels are cumulative over the entire period from the last cleaning through assembly and launch.

5.1 PRIVATE 
Bagging and Cleanroom Requirements5tc  \l 2 ".1
Bagging and Cleanroom Requirements"


Sensors should be double‑bagged with 1 mil antistatic (metallized) polyester, Lumalloy HST or other equivalent material.  Bag material may not be used as the inner lining bag for more than one use.  Outer bags are not to be reused.  


This recommended bagging material can be heat sealed to produce a bag of convenient dimension for components as required and may be purchased precleaned to level 300 or better. Once properly double‑bagged, a component may be transported outside of the cleanroom as necessary.  Extremely sensitive components may require a continuous purge.


Clean room classes and the requirements for each are extensively discussed in T.O.00‑25‑203 and will not be restated here.  It should be noted that there are many operations that should not occur in the cleanroom environment, due to their contamination potential.  One example is the drilling that occurs for pinning optical instruments after they have been co-aligned.  These operations should be restricted.  Extreme care, control, and monitoring of such an operation is required if it must be performed in the cleanroom. Approval and supervision by the Contamination Control Engineer or designated personnel is mandatory should such an operation be required.  Such operations will be controlled in the clean room through the use of filtered vacuum systems and continual wiping of affected areas.


Operations, which have a significant particulate contamination potential, include:

	drilling
	sawing
	sanding

	grinding
	burnishing
	polishing

	pinning
	filing
	scraping

	deburring
	thread cutting
	tapping

	riveting
	painting
	


Other operations, which have a large hydrocarbon contamination potential, are:

	soldering
	brazing
	heat stripping

	insulation
	painting
	adhesive bonding

	potting
	conformal coating
	



These operations should be restricted within the cleanroom environment, and will be performed outside the cleanrooms when possible.  Care will be taken to minimize the amounts of hydrocarbon source materials, such as bonding agents, brought into the clean rooms and the time required for their exposure in the cleanroom environment.

5.2 PRIVATE 
Cleanroom Documentation5tc  \l 2 ".2
Cleanroom Documentation"

5.2.1 PRIVATE 
Procedures5tc  \l 3 ".2.1
Procedures"


The basics of good cleanroom procedures are discussed in documents: T.O.00‑25‑203 and FED-STD 209E, and will not be discussed further here.  All components must be cleaned to the level required by the cleanroom environment before entering the cleanroom.  Parts, which have been bagged and stored in a less clean area, should have the outer bag removed before entering the cleanroom.  If the item is not scheduled for immediate work in the cleanroom, a new outer bag should be installed in the cleanroom.  


Items not approved for cleanroom use are to be removed and kept out of the cleanroom environment as part of a routine cleanroom monitoring activity.

5.2.2 PRIVATE 
Personnel Training5tc  \l 3 ".2.2
Personnel Training"


The importance of personnel training and commitment cannot be overstated.  The people who are qualified to work in the cleanrooms should be certified and informed of the importance of good procedure to the success of this program.  Waivers for items and processes from other programs cannot be transferred for FAME. Such items and processes must be examined in light of the requirements for FAME, and may require changes to decrease contamination potentials.  Complete records must be kept of all operations so that final impacts on the program may be assessed, both positive and negative.

5.2.3 PRIVATE 
Gowning Requirements5tc  \l 3 ".2.3
Gowning Requirements"


Cleanroom garment requirements for each cleanroom level are given in document:  T.O. 00‑25‑203.

5.2.4 PRIVATE 
Flight Subsystem Documentation5tc  \l 3 ".2.4
NRL documentation for Equipment"


Before equipment is received into the cleanroom environment, it must be shown that correct handling, cleaning and bakeout procedures have been used, and that no contamination exposure has been experienced.  One or more of the following efforts will accomplish this task. 


‑ Checking the associated paperwork for the component,


‑ Visual inspection of the component for surface cleanliness, including surface wipes and/or tape lifts for extremely contamination critical items, and 


‑ Testing of any travelers in the packing materials.

5.2.5 PRIVATE 
Integration and Test Procedures5tc  \l 3 ".2.5
Integration and Test Procedures"


Integration will take place at NRL, Building A59 in one or several of its cleanroom facilities.  Several facilities which are currently at a Class 10,000 or better level, with hydrocarbon levels generally not exceeding 10 ppm are available for use.  During FAME integration, it is anticipated that these rooms will be operating at the appropriate Class for the action.  The spacecraft environment will be Class 1000 for reception, and integration of the instrument and star tracker, Class 10,000 for operations requiring the removal of the instrument or star tracker bagging material, Class 100,000 for typical spacecraft subsystem integration, and a controlled environment (best practices) for mass properties, environmental testing, and lifting operations.

During Integration and Test, NRL plans to use a vertical laminar air flow tent over the spacecraft that will provide the correct microenvironments for the various areas of the spacecraft, but which will also ease access for those requiring access to the spacecraft.

5.3 PRIVATE 
Shipping Clean Components 5tc  \l 2 ".3

seq level2 \h \r0 
Shipping Clean Components "


NRL reserves the right to place a UV traveler witness mirror in the shipping package for any sensor or instrument deck sensor.

5.3.1 PRIVATE 
Sensor Packing Requirements5tc  \l 3 ".3.1
Sensor Packing Requirements"


The contamination control precautions necessary for the transportation of the instrument will be covered in this section.  A specially designed shipping container must be used to ensure that minimum environmental levels are met.  The instrument will be double bagged inside its shipping container.  The double bags will be Nitrogen purged prior to closure.  Instrument purges will also continue until it is sealed in the bagging material.

Before the instrument is prepared for transport, the external surface cleanliness level will be inspected and confirmed to be Level 500 or better based upon a measured obscuration factor from a tape lift.  Tape lift verifications are described in the document: NCST-SC-Cleaning.  The table below shows the correlation between the percent obscuration and cleanliness level.  In contrast to other methods of cleanliness measurement, this method does not account for the sizes of individual particles or fibers, only the total amount of surface area covered by particulate material. 

	Cleanliness Level
	Percent Obscuration

	100
	0.0002

	200
	0.0034

	300
	0.02

	400
	0.075

	500
	0.22


Following the verification of the cleanliness level, the instrument shall be double bagged in the appropriate class assembly area using new bagging material sealed with Kapton tape.  If the instrument requires special lifting points, the bag edges will be taped to the fixture with CHR K102 Kapton tape (or the equivalent).  This process will seal cutout areas for the lift points and mounting adapter interfaces.  The nitrogen purge pigtail shall extend through the bagging material so that the purge can be connected prior to opening the instrument bag.  The pigtail shall be covered in a single layer of bagging material for transport.  
When the shipping container arrives at its destination, it will be taken into the receiving area after coarse cleaning.   To verify the removal of glaring soil deposits, NRL contamination control personnel will inspect the exterior surfaces on the shipping container.

When the inspection has been completed, the shipping container may be opened and the instrument removed.  The outer bag will then be inspected by the Contamination Control Engineer and may require wiping and vacuuming.  The instrument will subsequently be moved to the cleanroom, retaining both the internal and external bags.  Once inside the cleanroom, the outer bag and pigtail covering may be removed.  The inner bag shall remain in place until the instrument purge has been initiated.  

6 PRIVATE 
Integration and Test at NRL6

seq level1 \h \r0 

seq level2 \h \r0 tc  \l 1 ".0
Integration And Test at NRL"

The Purpose of this section is to provide the reader with the fundamental concepts of NRL operations without having to read the entire Phase III Contamination Control Plan.  Sufficient detail has been included that a solid understanding of the content and extent of the phase III plan can be grasped.   An understanding of NRL activities and efforts will support the rationale behind the procedures and processes required in this plan.

  The Spacecraft Integration & Test Manager at NRL maintains integration and test procedures and the integration schedule which are posted and updated on the FAME website.  These procedures shall include verification of the cleanliness level of all hardware prior to its entry into the integration area.  Furthermore, it includes continuous monitoring of the hardware cleanliness level by the use of visual inspection, particle monitors, witness plates, and hydrocarbon monitors. 

6.1 PRIVATE 
Operations and Processes6tc  \l 2 ".1
Operations and Processes"

Operations and processes must be tightly controlled in order to prevent contamination of sensitive surfaces or surfaces from which contamination can be subsequently released.  Active measures for control are summarized below.

6.1.1 PRIVATE 
Purging6tc  \l 3 ".1.1
Purging"

Purging will be performed for the instrument and possibly the star trackers.  Flow rates of the purge gas will be a minimum of 24-30 air changes an hour (refer to Section 3.4).  Pressure gauges, filters, and flow meters appropriate to the purge for the instrument will be part of the MAGE (mechanical aerospace ground-support equipment) supplied with the sensor.  The tubing and fittings used to make all connections will be of non-contaminating materials.  These materials will typically be stainless steel fittings and Teflon-based tubing.  Brass fittings are not acceptable.  The purge gas will be research grade or equivalent (liquid boil-off) nitrogen. Residual water vapor, hydrocarbon, and particulate levels for the nitrogen purge gas were specified in the tables given in Section 3.4.  0.5 micron (or smaller) filters will be used on the input port to the instrument.
6.1.2 PRIVATE 
Cleaning6tc  \l 3 ".1.2
Cleaning"

Surfaces that can be cleaned without being significantly degraded (those not having scratch/dig requirements [e.g. optics] or low abrasion resistance [e.g. coatings]) will be cleaned at appropriate points in the assembly/test cycle.  Surfaces that cannot be cleaned will be suitably protected to assure maintenance of cleanliness level. Witness plates located on or adjacent to the spacecraft will monitor cleanliness.  Surfaces will be cleaned, or, if uncleanable, replaced if unacceptable contamination levels are exceeded.  These levels are discussed in the sensor contamination budgets of Phase I of the Contamination Control Plan

6.1.3 PRIVATE 
Cleanable Surfaces6tc  \l 3 ".1.3
Cleanable Surfaces"

Most metal and painted surfaces, graphite epoxy, and radiator coatings can be cleaned at any time during the integration flow provided access is not limited and cleaning will not jeopardize adjacent components.  However, since these materials cannot always be cleaned with the types of solvents necessary to remove all potential types of contaminants, precautions shall be taken to reduce the possibility of such contamination.  For example, volatile condensable films deposited in thermal vacuum testing might be a source of such contaminants.

6.1.4 PRIVATE 
Non‑cleanable and Non‑wipable Surfaces 6tc  \l 3 ".1.4
Non‑cleanable and Non‑wipable Surfaces "

Certain surfaces do not accommodate cleaning by surface wiping.  Some blanket materials and thermal control surfaces should be cleaned by solvent rinsing or extraction, rather than by wiping.  This type of cleaning will be performed, when necessary, prior to installation onto the spacecraft.  After installation, such surfaces will be protectively covered as much as possible and replaced if necessary.

6.1.5 PRIVATE 
Scheduling6tc  \l 3 ".1.5
Scheduling"

Small parts and components will be cleaned and bagged at an appropriate point prior to assembly operations.  Cleanable surfaces on the spacecraft and the instruments will be cleaned prior to bagging, prior to entering a clean area (if not bagged), prior to packaging for shipping, and on other occasions as determined by the contamination engineer.  Cleaning of the instruments on the spacecraft shall be scheduled to preclude working above an already cleaned, non-bagged instrument. Manufacturing, assembly, and test operations will be planned so as to avoid or control contamination-generating operations in the presence of flight hardware.

6.1.6 PRIVATE 
Equipment and Materials6tc  \l 3 ".1.6
Equipment and Materials"

Procedures for cleaning FAME surfaces are outlined in NCST-SP-Cleaning.  In order to prevent unnecessary abrasion of surfaces and generation of static charge, no dry wiping will be used.  Fixtures and tools used in the cleaning operations will be precleaned.  Materials used for wiping will be highly resistant to shedding particles, of appropriate softness, and precleaned to remove organic contaminants.  

Solvents used for cleaning will be of the quality specified in NCST-SP-Cleaning.  None will have a total residue of more than 0.001% by weight.  Isopropyl alcohol, freon or a mixture of freon and isopropyl alcohol will be used, as appropriate, for most surfaces.  Surfaces not cleanable with isopropyl alcohol and for which halogenated solvents are not appropriate will be cleaned with toluene, petroleum ether, or other suitable solvents as required.  

6.1.7 PRIVATE 
Covering and Bagging6tc  \l 3 ".1.7
Covering and Bagging"

The instrument and spacecraft contamination sensitive areas will be protected as much as possible by covering, bagging, and purging during storage, integration, test and transport.  Materials used for covering or bagging will be low outgassing, non-shedding, and possess other properties as required for the particular application (ie., static discharge protection).

6.2 PRIVATE 
Cleanliness Monitoring6tc  \l 2 ".2

seq level2 \h \r0 
Cleanliness Monitoring"

Cleanliness monitoring is required to measure contamination accumulation and to verify the effectiveness of measures taken to control contamination.  Exceeding the monitoring criteria as specified for flight hardware results in a non‑conformance report covering both the hardware and the facility.  Corrective action to improve the condition and prevent recurrence is required.

6.2.1 PRIVATE 
Witness Plate Monitoring6tc  \l 3 ".2.1
Witness Plate Monitoring"

Witness plate monitoring provides the best indication of the particulates and nonvolatile residue actually falling out on surfaces.  Witness plates will be used to monitor the exterior surface of the instrument and subsystems during fabrication, storage, acceptance testing, and throughout the instrument/spacecraft lifecycle.  Spacecraft  integration and test facilities will be monitored to ensure conformance.  Test areas and chambers will be monitored prior to and during the test.

6.2.2 PRIVATE 
Particle Counting in Facilities6tc  \l 3 ".2.2
Particle Counting in Facilities"

Particle counts will be taken in the area of the spacecraft and throughout the clean rooms using a reliable airborne particle counter.  Clean benches and tents will be monitored regularly.  Test areas will be monitored prior to a test using a portable airborne particle counter so that additional control measures can be taken, if necessary.

Clean benches and rooms are specified per Federal Standard 209D.  The particle counters are designed to measure conformity with the particle size distribution assumed by this standard.  The NRL cleanroom facility supervisor is responsible for regular monitoring of the facilities, and additional testing as requested by the FAME Contamination Control Engineer, the Spacecraft Manager or the Spacecraft System Engineer.

6.2.3 PRIVATE 
Visual Inspection6tc  \l 3 ".2.3
Visual Inspection"

Visual inspection of the hardware will be performed at predetermined points in the integration and test cycle.  These include:  initial unpacking, after acceptance testing, after exposure to areas outside the clean room, after cleaning (when applicable), and prior to bagging for shipment.  A portable light will be used when necessary to provide the required illumination.

6.2.4 PRIVATE 
Swab Sampling6tc  \l 3 ".2.4
Swab Sampling"

Swab sampling will be taken, where appropriate, to determine the nature of nonvolatile residues.  In this technique, surfaces are swabbed using a pre‑extracted wiping aid (cloth, cotton swab, lens cloth, etc), moistened with a suitable solvent.  The choice of solvent depends upon the surface being cleaned and the suspected contaminant.  The swabbing aid is extracted with solvent, the residue is weighed and, if necessary, subjected to gas chromatography/mass spectrometry, or infrared analysis.

6.3 PRIVATE 
Transportation6tc  \l 2 ".3

seq level2 \h \r0 
Transportation"

All flight hardware shall be protected from contamination during transport from one clean area to another.  This protection shall be provided by bagging and purging and, as needed, structural support and shipping containers.

7 PRIVATE 
Environmental Testing 7

seq level1 \h \r0 tc  \l 1 ".0
Environmental Testing"

Testing procedures to be used for environmental testing at NRL will be developed by the I&T manager and will be posted on the FAME website.  The specific information for contamination control during these efforts is contained in phase III, FAME Spacecraft Contamination Control Plan for Integration and Test.

8 PRIVATE 
Summary8tc  \l 1 ".0
Summary"

The purpose of this portion of the contamination control plan is to present a coherent, program‑wide approach for the fabrication and handling of FAME flight hardware, and to inform the instrument manufacturers of the procedures, to which all hardware should be fabricated, assembled and tested.  Furthermore, the later sections were given as an overview of the procedures and environment the instruments will experience upon reaching the NRL integration facility.  This document is to serve as the minimum standard, with the most critical items, such as the primary imaging instrument, having additional, more stringent requirements.  
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Figure 1.   Flowchart for flight hardware from fabrication through launch.
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Figure 2.  	The approximate time vs. temperature requirement for component bakeout after a vacuum level of 2x10�6 Torr is achieved.  Final determination of end�of�bakeout is by RGA or TQCM.
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Figure 3.  General time�temperature�pressure profile for a non-instrumented bakeout cycle.





Nitrogen Purge Gas Composition�
�
Component�
Requirement�
�
Nitrogen, min % 1�
		    99.9995�
�
Water, molar ppm�
		   < 0.5�
�
Dew Point (at 760 mm Hg)�
		  - 80 (C�
�
Total Hydrocarbons, molar ppm as methane�
		   < 0.5�
�
Oxygen, molar ppm�
		   < 1.0�
�
Hydrogen, molar ppm�
		   < 2.0�
�
Argon, molar ppm�
		 < 25.0�
�
Carbon Dioxide, molar ppm�
		   < 0.5�
�
Carbon Monoxide, molar ppm�
		   < 1.0�
�
Particulate, nominal maximum size�
		      0.5 μm�
�
Total Impurities, ppm 2�
		 < 30.5�
�
Percent nitrogen includes trace quantities of neon, helium, and argon.


Fractional sum of all water, hydrocarbons, oxygen, hydrogen, carbon dioxide, carbon monoxide, and argon


�
�



Nitrogen Purge Gas Particulate Content�
�
Particle Size Range (μm)�
Maximum Number of Particles (Point of Use)�
Maximum Number of Particles (Source)�
�
1.1 - 2.5�
50�
500�
�
2.6 - 5.0�
6�
65�
�
5.1 - 10.0�
0�
10�
�
10.1 - 75.0�
0�
0�
�
 > 75.0�
0�
0�
�












    � Vest, Bucha, and Lenkovich, "Materials Selection as Related to Contamination of Spacecraft Critical Surfaces", SAMPE Quarterly, 19,  No. 2, January, 1988
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