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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 Objectives1tc  \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 I, concentrates on materials selection and flight hardware design.  Phase II will concentrate in more detail on fabrication, assembly and test of the hardware.  Phase III will focus on the spacecraft integration and testing efforts.  Finally, Phase IV will emphasize 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 Background1tc  \l 2 ".2
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.  Research shows that a very thin film (less than 100 Angstroms) of a contaminant can degrade the reflectance of a mirror or the transmittance of a lens by as much as 70% at the ultraviolet wavelengths
.  Since the FAME telescope is operating in the visible and near IR, the effect will be reduced.  However, photofixation of organic compounds on an optical surface often generates a film with strong absorption bands in the yellow region of the visible spectrum.  At longer wavelengths scatter from particles will predominate.  

With respect to particulate contamination, a Level 100 mirror surface (See MIL‑STD‑1246) is desirable to achieve a Bi-directional Reflectance Distribution Function (BRDF) of 10‑5 per steradian at 10 degrees off specular for visible wavelengths
.  By allowing the mirror surface to go to Level 300 or higher, the BRDF is increased by an order of magnitude.  Further research has revealed that exposure of a vertical mirror to twenty 8‑hour days in a Class 1000 room will result in a Level 370 surface.  Thus, to assure our goal, sensitive optical surfaces should only be exposed to clean room conditions of Level 100 or better.  For assembly and operation in dirtier areas, these sensitive optical areas must be maintained though sufficient flow of purge gas.  Particulate surface cleanliness levels are defined in MIL‑STD‑1246B dated September 1987.  The term "Class" is used in FED‑STD‑209D to define the degree of air volume cleanliness.

1.6 Documentation1tc  \l 2 ".3
Documentation"


Documentation is one of the important steps in any CCP.  A Phase I compliance report will show that the Plan has been followed and any deviations from it noted.  It will contain all data gathered from analyses and from the literature.  A very important purpose of this documentation is to provide the necessary information to assist in solving problems on orbit.  The document will show a Materials List of the actual materials used on the spacecraft, quantities of each, area covered by each, and the mass of each material.  All deviations the Contamination Control Plan to must be noted exactly as to the nature of the occurrence and the solution employed.


The document should also include the results of the spectroscopic analysis of the residues on the witness plates.   For particle evaluation, the percent of area covered (PAC) and the size distribution of the particles shall be reported.  This information will be used to determine the characteristics of the outgassing of various spacecraft systems. 

2 Applicable Documents and Terminology2
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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 II)
FAME Contamination Control Plan – Phase II, “Fabrication, Assembly, and Test”

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        
Airbourne Particulate Cleanliness Classes in Cleanrooms and Clean Zones


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
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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 Terminology
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.
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Contamination Sources for NEMO"

To adequately protect FAME from contamination and more effectively clean contaminated components, it is essential to identify and understand the possible sources of contamination. These sources will differ at various stages of hardware development for FAME. Table 3.1 below lists several materials that commonly generate contaminants (Table 3-1). Table 3.2 contains a summary of contamination sources that could adversely affect FAME at each stage of development and operation.  
Table 3-1.   Contamination Sources

	Material
	Contaminant Sources

	Structural Components
	Epoxies, polycarbonates, polyurethanes, polyamides, polyamines, fluorocarbons, etc.

	Encapsulation/Potting
	Polyurethanes, epoxies, silicones 

	Conformal Coatings
	Polyurethanes, silicones, epoxies

	Adhesives 
	Epoxies, silicones, acrylics 

	Tapes 
	Polyesters, fluorocarbon acrylics, fluorocarbons, polyamides 

	Small Hardware 
	Acetates, epoxies, acetals, polyamides, phenolics 



The above is a partial list for applications such as wire staking, thermal control adhesives, etc., where many various types of materials may be used.  In any application, all materials must be carefully evaluated before use, regardless of the anticipated quantity used for the application.


Metallic and ceramic materials are not included in the above list; however there are several metallic materials that should be avoided if possible.  They are metals with low melting temperatures (such as gallium and indium) and those subject to whisker growth, which can lead to shorting in electrical applications (such as pure tin and secondarily, silver).

Table 3-2.   Critical contaminates at each development stage
	Phase
	Molecular (NVR)
	Particulate

	Fabrication 
	Machining oils, fingerprints, air fallout Air fallout
	Air fallout. Personnel, soldering, drilling, bagging material

	Assembly and Integration
	Air fallout, outgassing, personnel, solvents, soldering, lubricants, bagging, materials
	Air fallout, personnel, soldering, drilling, bagging material, MLI fitting

	Test 
	fallout, outgassing, personnel, test, facilities, purges, bagging material
	Air fallout, personnel, test facilities, purges, MLI fitting, bagging material

	Storage
	Bagging material, containers, outgassing, purges 
	Bagging material, containers, purges

	Transport
	Bagging material, containers, outgassing, purges
	Bagging material, containers, purges

	Launch Site
	Bagging material, air fallout, outgassing, personnel, purges
	Bagging material, air fallout, personnel, launch vehicle surfaces and preparations, MLI fitting

	Launch 
	Outgassing, venting, rocket and thruster residue
	Launch vehicle surfaces, fairing separation, payload separation

	On-Orbit 
	Outgassing , thruster residue
	Micrometeoroid and debris impingement



Finally, particulate matter and organic films from the environment and human activity will also be deposited on space flight hardware during fabrication, integration, test, transport and pre-launch activities. 

4 seq level1 \h \r0 Contamination Control Requirements4
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Allowable Contamination Budgets"

The FAME program consists of the instrument and the spacecraft bus. The primary contamination control sensitive elements are located in the instrument. However, the spacecraft bus also contains sensitive elements (thermal control surfaces, star trackers, etc…). In addition, to prevent excessive cross contamination between the spacecraft bus and instrument, the bus must be designed, fabricated, and assembled in a clean manner and must be verified as meeting cleanliness requirements prior to instrument integration. The following subsections contain the overall contamination requirements for the instrument and the bus.

4.1 Contamination Budgets4tc  \l 2 ".1
Contamination Budgets"


Contamination‑sensitive spacecraft and payload surfaces should have designated budgets for degradation.  These budgets should outline the impact of expected contamination levels, whether these levels will adversely affect mission goals, and the extent to which these levels must be reduced to maintain FAME mission goals.  Modeling and further analysis can then be used to estimate whether these budgets will be met with a given design and process regimen.  Since the particle distributions referred to in MIL‑STD‑1246 are seldom realized in practice, it is also important to develop a BRDF degradation budget for applicable optical surfaces and develop procedures to stay within the budget using the guidelines discussed here as a starting point. 

4.2 Instrument
The instrument cleanliness requirements and contamination budgets are being generated by Lockheed Martin.  Once complete (system PDR), they will be reviewed and incorporated by NRL.

4.3 Star Tracker 4tc  \l 2 ".5
Star Tracker Contamination Budget"

The star tracker will be precision cleaned at subsystem closeout. All surfaces will be cleaned to Level 100A quality and all optical elements will undergo a VCHS particle screening.  The star trackers will have non-flight removable covers installed at closeout to protect their outermost surface from contamination during prelaunch activities.  These covers will only be removed when required during spacecraft level testing.  They will be reinstalled as soon as possible after testing.  Their final removal will occur at fairing closeout.
Cleaning of the star tracker will only occur at final closeout or if a time sensitive contaminant (e.g. fingerprint) is found on a surface. 

At the time of fairing closeout for launch, the star trackers must have Level 600A (TBR) or better optical surfaces.   This surface level will ensure that star tracker performance will not be affected by contaminants.
4.4 Spacecraft Bus and Subsystems
The spacecraft bus and all subsystems must meet specific cleanliness and materials outgassing requirements so that cross-contamination will not occur. Bus and subsystem contamination requirements are designed to prevent instrument exposure to redistributed contaminants and to preserve functions in the power, thermal, and attitude control subsystems. Meanwhile, the attitude control subsystems must be kept clean so the sensors will not be affected by excessive contaminant accumulation and provide inaccurate readings. The thermal subsystem utilizes surface coatings with specific absorptance and emittance values that will degrade if the coating is contaminated. 

All materials used on the spacecraft bus and in the subsystems must meet TML/CVCM requirements set forth in section 5.2.  These outgassing requirements are designed to limit contaminant accumulation on the instrument measurement systems and sensitive subsystem surfaces during vacuum testing and on-orbit operations.  All spacecraft and subsystem parts will undergo vacuum bakeout per the FAME vacuum bakeout procedure (Appendix A - sample).  All spacecraft and subsystem hardware shall meet Level TBD surface cleanliness requirements at delivery to the integration area.  Surface cleanliness levels will be verified via TBD methods prior to instrument integration.
The contamination budget for the bus and various subsystems depend upon the location and view factor to the instrument.  These values are TBD and will be included when the instrument contamination budgets for sections 4.2 and 4.3 are both complete.  Place Merlo Table here from S/C PDR
4.5 Ground Support Equipment

Ground support equipment used in the vicinity of FAME must be visibly clean per NASA-JSC-SN-C-0005 before it is admitted to the spacecraft integration and test areas. Materials used in FAME clean areas also cannot generate excessive particulate contamination or residue.
4.6 Nitrogen Gas Purge

Since particulate contamination is the primary source of performance degradation for the optics of the instrument, it will require a clean, dry nitrogen purge.  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.  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 the tables given below.   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.

5 Contamination Control through Design and Operations5
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Contamination Control through Design and Operations"


Contamination reduction must deal with two types of contamination: volatile materials and particulates.   Particulates are to be controlled using established clean room procedures along with bagging, purging, sealing, and cleaning; this may also include the use of spare optics during integration, alignment, and system functional tests, if necessary.

5.1 Reduction by Design5tc  \l 2 ".1
Reduction by Design"


In order to achieve the necessary performance levels for the FAME program, every component of the spacecraft should be designed with contamination control in mind.  Aspects of this concern include contamination budgets, venting of thermal blankets, contaminant lines‑of‑sight, and flux modeling.


For the in‑flight and launch environment, directional venting of the spacecraft blankets will be used to control contamination.  This venting design will attempt to allow the flight hardware to outgas in a controlled fashion, minimizing the contaminant flow toward the instrument apertures located at the +z end of the spacecraft, while minimizing particulate outflow from the blankets.  Each box should be vented to allow for depressurization and a vent filter should be used to trap particulates within the box.

5.2 Reduction by Material and Process Control5tc  \l 2 ".2
Reduction by Material and Process Control"


To control the outgassing of volatile condensable material on FAME, NASA publication 1124 of August 1987 entitled "Outgassing Data for Selecting Spacecraft Materials" and NASA-SPR-0022 will be used as a starting point.  Allowed materials have maximum permissible losses of 



1.0% Total Mass Loss (TML)


and  
0.1% Collected Volatile Condensed Material (CVCM)

when ASTM E595 is used.  Section C of NASA 1124 lists materials meeting the above criteria.


Surfaces and areas in or near the fields of view of the instrument and star trackers may need more stringent limits.  Design teams should be aware of this and inform the Contamination Control Engineer if changes are necessary in TML and CVCM levels.


When selecting materials by TML and CVCM, all of the material components must be accounted for.  Epoxy resins can be mixed with many different curing agents, or cure cycles and adhesives and paints may or may not require a primer, depending on the substrate.  Check the RP 1124 listing carefully to be sure that all the factors of the data match the application under consideration.  For example, Chemglaze Z306 paint used alone meets the outgassing criterion; when used with 9924 wash primer, recommended for better adhesion, it does not.  There is also a batch‑to‑batch variation in some materials, such as the silicone adhesive DC93‑500, which needs to be considered in materials evaluation.


The ASTM E595 materials screening test employs a warm (25(C), non-illuminated collector to determine the contamination level of a surface.  Spacecraft surfaces, which are colder and/or sunlit, will collect volatile condensable material not detectable by E595.  Thus, materials in locations having view factors of contamination sensitive instruments/components should receive further testing on an individual basis.


The cure temperatures used to cure thermo-set materials should be as low as possible.  A material cured at an elevated temperature will develop residual stresses as it is cooled due to differential shrinkage of the organic polymer and any encapsulated surface, which may have a thermal expansion coefficient very different from that of the encapsulant.  These residual stresses may be sufficient to significantly reduce the dielectric strength of a potting compound, for example.  These residual stresses will also increase shear stresses in a bond joint.


Reaction products produced during cures must also be considered.  Conditions of curing one material may affect another in the same subassembly; e.g. humidity.  The thermal-vacuum bakeout cycle, and its effect on the material properties, should also be considered in the cure cycle selection.


Foam materials can be a significant source of particulate contamination generation when the launch vehicle goes from atmospheric pressure at the launch site to the reduced pressure of ascent and orbit.  The foam contains voids filled with gas at 1 atmosphere of pressure, which may not be able to bleed out rapidly enough to prevent the foam from exploding.  Soft foam materials are to be avoided.


Possible brittle materials that may be used on surfaces such as paints should be avoided.  Solid lubricants produce debris, which can contribute to the particulate contamination level and should be chosen with care.  Careful processing, with run‑in and subsequent cleanup, will reduce on‑orbit particulate generation.


Lists of materials must be created for and reviewed by NRL prior to the Critical Design Review.  These lists should include the identity of the material to be used, the quantity of such material, the surface area exposed and the mass of the same material.  This information is necessary for degradation budgets and contamination modeling. 

5.3 Reduction by Thermal Vacuum Bakeout5tc  \l 2 ".3
Reduction by Thermovacuum Bakeout"

Each box or subsystem of the payload and ancillary support hardware, including all wire harness and associated hardware, fittings and structural components, will be subjected to a vacuum bakeout prior to vibration testing, with covers removed and electronics un-powered.  This should occur at a point in the assembly where the contents of the boxes may be exposed to the greatest extent possible.  Following the bakeout, the components need to be handled with proper clean room procedures to minimize recontamination from external sources.  Any replacement parts or repair procedures occurring after the bakeout must be evaluated for contamination potential by the Contamination Control Engineer, and may result in a requirement for an additional bakeout for the part.


Typical bakeout conditions will consist of a minimum of a 24-hour period in which the component or subsystem is heated to 120(C with a pressure of less than 10‑4 Torr in the vacuum chamber.  Longer times at lower temperatures are permissible.  In general, the temperature of the bakeout is determined by the lowest rated component, and the duration of the bakeout is determined by the real‑time monitoring of the contamination outgassing rate.  The graph shown in Appendix A may be used to estimate the duration of the bakeout for scheduling purposes only.

5.3.1 Contamination Sensitive Elements

Surfaces and structures that are particularly sensitive to contaminants will undergo a more extensive instrumented bakeout to ensure the items cleanliness.  These items will prdominantly consiste of the optical train for the instrument and the internal optical components for the Star Tracker.

The preferred method for monitoring the thermal-vacuum bakeout of sensitive flight hardware is use of a residual gas analyzer (RGA).  This provides the least subjective method for obtaining qualitative and quantitative contaminant determination.  If this is not feasible, a combination of at least one witness plate with one or more temperature‑controlled quartz crystal microbalances (TQCMs) may be used.


All monitoring devices, except those measuring possible backflow from the pump, must be in direct view of the open side of the test assembly.  The witness plates should only be exposed in the thermal vacuum chamber during the last 2‑4 hours of bakeout only.  This insures that the products of material outgassing produced by the "clean", baked‑out materials, not the initial surface desorption, are collected.  Stability of the TQCM readings can be used to determine when to expose the witness plates and if equilibrium has been achieved during the bakeout.


The bakeout should be repeated if the witness plate analysis shows an accumulation of contamination sufficient to surpass the stated instrument contamination budget, as compared to a sample blank measured in the wavelength region of interest, or if the TQCM has not reached equilibrium.  Equilibrium is defined as the time at which the rate of outgassing as measured by the chamber pressure gauge or TQCM has diminished by 2 e‑folds (= 1/e2) or roughly an order of magnitude from the initially achieved vacuum level.  If used, the witness plates should be analyzed as soon as possible after the end of the bakeout to attempt to determine the type and level of contamination residue deposited.

An example of a vacuum bakeout procedure is given in Appendix A.

5.3.2  Non-critical contamination Elements

Several subsystems of the spacecraft bus are non-critical contaminate surfaces and will undergo a less costly bakeout procedure.  These subsystem elements include electronics boxes, data recorders, and various structural elements.  These restricted bake-outs do not require the full instrumentation and monitoring required for the critical element bake.  However, through previous experience and analysis, this method has been proven to be very effective at contaminant reduction. 

5.4 Witness Plate Procedures5tc  \l 2 ".4
Witness Plate Procedures"


 Witness plates may be used in two separate applications:


1) 
In-process outgassing monitoring during vacuum bake‑out cycles, and


2)
Monitoring of particle fallout and NVR accumulation in the clean rooms after the components have been baked out.


Procedures relating to the bakeouts will be discussed here; procedures for clean rooms are discussed in section 6.0.  Each fabricator will be responsible for witness plate testing and keeping internal records.  Traveler plates, if used, will be supplied by the instrument / subsystem manufacturer for hydrocarbon and particulate monitoring.

5.4.1 Definitions5tc  \l 3 ".4.1
Definitions"


a) 
Witness plate ‑ a plate of convenient dimension used to monitor the exposure of a surface to ambient particulate or molecular contamination levels; particulate and molecular levels are measured on separate plates.  The plate material will depend on the application.  Plates for monitoring the clean room molecular contamination and the box‑level bakeout cycles should be stainless steel with a surface finish of 32 microinches or better per ASTM E1235. Plates for monitoring clean room particulate fallout may be 2x2 inch glass slides or silicon wafers.  Processes in which sensitive optics are exposed should include a witness plate (silicon wafer) or mirror (with similar surface chemistry and finish as the critical surface).

 
b)
Traveler plate ‑ a plate of convenient size with the same surface finish as the sensor of interest to be placed in proximity to the sensor to monitor long‑term exposure of the sensor critical surface following the bakeout.  Times of interest would include shipping and storage between test and/or integration phases.

5.4.2 Thermal Vacuum Bakeout Witness Plate Methods5tc  \l 3 ".4.2
Thermovacuum Bakeout Witness Plate Methods"


Witness plates used in the initial box‑level thermal-vacuum bakeout should be large enough to capture a measurable quantity of the outgassing contaminants, but not so large as to create a thermal control problem within the vacuum chamber.  A two inch square plate (2in.x 2in.) of stainless steel which has been shielded from the heating lamps can remain at least 10oC cooler than the test article with no additional active cooling.  The plates must be cleaned thoroughly per ASTM E1235 before use, and handled and stored per ASTM E1234.


The first witness plate should be placed near the TQCM and facing the test article to maximize exposure to the outgassing flux.  A second plate facing the vacuum port to monitor the backflow flux is desirable.  For box level bakeouts, the witness plate should be stainless steel.  During later, larger scale thermal-vacuum cycles, witness plates matching the critical exposed surface should be added unless there is a provision for in‑situ measurement of the critical surface, such as BRDF of a reflector.


At the end of the thermal-vacuum bakeout, the witness plates should be removed as soon as possible to minimize volatile loss.  The plates are to be washed per ASTM E1235 to remove the collected contaminants, and the wash concentrated on a suitable analytical surface, either for infrared or UV analysis.  Analysis of the wash may be done by gas chromatography/mass spectroscopy (GC/MS) or by infrared spectroscopy (IR). The optimum IR analysis would employ an attenuated total reflectance (ATR) fixture.

5.4.3 Clean Room Witness Plate Methods5tc  \l 3 ".4.3
Clean Room Witness Plate Methods"


Witness plates used in the clean rooms measure contamination, which deposits on a surface, and are used in addition to real time airflow monitors.  Two types should be used, one for particulates, and a different plate for molecular contamination.  It is recommended that the latter be as large as is practical, to increase sensitivity; one square foot is a convenient size.  The material, size, installation, and handling and transport methods are explained in ASTM E1234 and E1235.

For particulates, either a two inch square glass slide or a silicon wafer maybe used for a microscopic image analysis counting of the collected material per ASTM F24 and F25. Computer-aided image analysis allows for quick sizing and counting of the particles collected on the slide / wafer. Results for the particle counts should be normalized to one square foot.

6 seq level1 \h \r0 
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seq level2 \h \r0 tc  \l 1 ".0
Environmental and Handling Requirements"

6.1 Cleanliness Level Requirements6tc  \l 2 ".1
Cleanliness Level Requirements"

Sensitive optical trains should be assembled in Class 100 rooms.  The surface cleanliness characteristics for Level 100A as defined below:


Particle Size (m) 
 Particle Count (per sq. ft)

> 15
>265


> 25 
> 78


> 50 
> 11


>100
> 1

Surface Non-Volatile Residue (NVR) accumulation shall be Level A (<1.0 mg/ft2 max.). 

6.2 Clean room Monitoring Requirements6tc  \l 2 ".2
Cleanroom Monitoring Requirements"

Clean rooms will be monitored periodically with witness plates, a particle monitor and a hydrocarbon analyzer, or periodic BRDF measurements of the assembled optics, where applicable, in order to confirm compliance with cleanliness requirements, and to alert personnel in a timely fashion to excessive contamination levels.  Surface particulate should be monitored by using a 1 square foot polished aluminum plate positioned in an open area close to the instrument per ASTM E1234 and E1235.  Measurement of particle size and count shall be made using ASTM F24 and F25.  Airborne hydrocarbon levels of less than 15 PPM are desirable to minimize film accretion of the optical surfaces.  Internal logbooks must be kept to record the clean room history, any contamination "events", and the remedial actions taken should be recorded.

6.3 Assembly and Storage Requirements6tc  \l 2 ".3
Assembly and Storage Requirements"


If a given component has not been fabricated under a controlled environment up to the time of bakeout, the following restrictions should be imposed immediately following bakeout.

6.3.1 Instrument Sensors and Electronics6tc  \l 3 ".3.1
Instrument Sensors and Electronics"


Instrument electronics, which will reside in or on the spacecraft bus, should be assembled and stored in Class 10,000 areas or better.


There should be no direct physical contact with any critical optical surface.  Personnel working with these sensors must wear clean room coats, gloves, face masks, head and beard covers.  Sensors should be double‑bagged with 0.002 inch-thick antistatic (metallized) nylon‑reinforced polyvinylfluoride (Orcon AN‑18).  Bags are not to be reused. 


After assembly, cleaning and bagging, sensors should be stored in a Class 10,000 area with a relative humidity of 30‑40%.

6.3.2 Electronics Section6tc  \l 3 ".3.2
Electronics Section"

Spacecraft bus and support electronics which reside below the instrument deck, located significantly away from the sensor section, should be assembled, cleaned and bagged, and stored in Class 100,000 areas or better.

6.4 seq level2 \h \r0 Additional Considerations6tc  \l 2 ".4

seq level2 \h \r0 
Additional Considerations"


After bakeout and bagging, purging with pure 99.9995% gaseous nitrogen (GN2) will be necessary to maintain cleanliness levels of sensitive instrument surfaces.  In addition, it may be desirable to use portable tents or clean rooms (as necessary for integration, test and pre-launch activities) that are smaller than the test and integration areas, but in which better cleanliness levels can be readily maintained.


Whenever a component will be bagged for a prolonged period, or transported from one facility to another, a traveler witness plate should be included in the packaging, as near as possible to any critical surfaces.  This will allow for quick discovery of any contamination exposure, and a convenient sample to identify the contamination and any necessary cleaning procedure.

7 seq level1 \h \r0 Summary7

seq level1 \h \r0 tc  \l 1 ".0
Summary"


This document is intended to provide the necessary information for all FAME team members to provide for a unified contamination control effort from the beginning of design.  The minimum standards and practices are given; additional efforts are encouraged.  All personnel involved in the FAME program must be aware of the provisions of this document and the importance of their compliance.

PRIVATE 
Appendix A:
EXAMPLE OF A VACUUM BAKEOUT PROCEDURE

tc  \l 1 "D\:  EXAMPLE OF A VACUUM BAKEOUT PROCEDURE "
VACUUM BAKEOUT (40( ‑ 120( C)

Test Number

_________________________

Test Coordinator
_________________________

Thermal Engineer
_________________________

System Engineer
 _________________________

Prerequisites 

A. 
Receive a completed test specification (FAME‑TVAC -spec) from the Test Engineer. 

B.
Materials meet NASA 1124, August 1987, outgassing requirements.

C. 
Items painted with space qualified paints have been pre‑baked in the temperature/altitude (T/A) chamber.

D.
Current clean, dry, empty (CDE) chamber background characterization has been completed for a period of at least 24 hours at test conditions.

Test Setup 

 1.
Install thermocouples as specified by the FAME‑TVAC -spec.

 2.
Set up heaters, lamps, computer automated thermal test system (CATTS) as specified.

 3.
Install RGA, TQCM, and witness plates as specified.

 4.
Obtain thermal engineer's authorization to close out chamber.

 5.
Start CATTS; complete final thermocouple and IR lamp/heater checkout.  Remove covers from TQCM, witness plates as applicable.

 6.
Close out chamber and start rough evacuation using throttled pump out to avoid particle turbulence.

 7.
Record pressure/time history on test Form.

8.
Cross over vacuum system to Hi‑Vacuum and verify; pressure less than 5.0 x10‑5 Torr.

 9.
Notify thermal engineer for approval to start heaters.

10.
Bring test article to specified Initial Temperature (IT).

11.
Set up and record RGA over specified AMU range; set record timer.  Maintain TQCM head at <25oC. 

12.
Operate at IT for at least 24 hours (consult Figure A-1).   Record pressure history.

13.
At the minimum bakeout time per Figure A-1 burn off TQCM at 80oC until the frequency equals  ________Hz.  Set the TQCM temperature for ____oC and monitor for ______ Hz/hr rate change for a period of _____ hours.  Continue bakeout conditions until the specified rate of change has been obtained or waived.

14.
If required, reduce test article temperature to 2nd level temperature (2T) and reduce the TQCM temperature to ____oC.  Operate at this level until the rate of mass change is ____ Hz/hr for ____ consecutive hours.

15.
Lower chamber temperature to ambient.

16.
Bring TQCM to ambient temperature.

17.
Secure Hi‑Vacuum system.

18.
Backfill chamber with GN2.

19. 
Open chamber.

20.
Remove witness plates to containers; cover TQCM.

21.
Remove thermocouples and place test article in clean double-bags and seal.

22.
Prepare documentation:


a.   Time‑temperature records 


b.   Pressure‑time records, including background/baseline.


c.   TQCM recordings and log


d.   RGA printouts and log 


e.   Test specification 


f.   Test plan change list and anomalies log 


g.   Cold finger accumulation log 

23.
Follow shutdown and baffle warm-up per test appropriate procedure.


�





Figure A-1.   Minimum bakeout times for various temperatures





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 m�
�
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 (m)�
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�
�









    � Non-Metallic Materials Contamination Studies, Final Technical Report, Contract No. 955426 JPL/MCR-80-637, December 16, 1980.


    � J. A. Muscari, "Particulate Contamination Control,' Proc. SPIE, 675, 1986.
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