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Preface

P.1  PURPOSE

This document defines the contamination control guidelines for space hardware contamination control programs. 

P.2  APPLICABILITY

These guidelines cover contamination control of the spacecraft, instruments, flight experiments, launch vehicles, contamination measurements, and cleanroom operations.  The document delineates the following contamination control guidelines to be implemented by the Contamination and Coatings Branch (Code 546) for space hardware programs:

-
General Guidelines

-
Contamination Analysis and Testing Guidelines

-
Design Phase Guidelines

-
Hardware Fabrication and Assembly Guidelines

-
Integration and Test (I&T) Guidelines

-
Launch Site, Launch, and On-Orbit Phase Guidelines

P.3  AUTHORITY 

N/A

P.4  REFERENCES

N/A

P.5  CANCELLATION 

545-PG-8700.2.2 is cancelled.


P.6  SAFETY 
N/A

P.7  TRAINING 
N/A

P.8  RECORDS

All reports prepared for this guideline will become part of the Configuration Management system of a flight project and as such shall be governed by the project’s record management plan.

P.9  METRICS 
N/A

P.10  DEFINITIONS

N/A

Procedures

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

GENERAL GUIDELINES

There are a number of general requirements associated with performing contamination engineering for spacecraft, instruments, and other space hardware.  It is highly recommended that contamination engineering be identified as a support discipline, for all space hardware projects, early in the project life, so that an effective contamination control program can be designed and implemented.  The following list summarizes these general contamination engineering requirements:
· Assess contamination environments for all mission phases (ground-based activities, launch, on-orbit through end-of-life, and post mission/retrieval/ repair).

· Assessments of on-orbit contamination concerns shall address all environments including materials outgassing, particle generation, materials degradation, engine firings, spacecraft maneuvers, solar radiation, atomic oxygen effects, charged particle effects, and any synergistic effects among these environments.

-
Spacecraft on-orbit operations to be evaluated include orientation, maneuvers, deployment, thruster  firings, aperture operations, solar array operations, spacecraft outgassing, and venting.

· Spacecraft and instrument contamination sensitivities shall be defined based on spacecraft and instrument optical, thermal, and mechanical systems performance requirements.

· Overall mission end-of-life allowable contamination requirements and contamination budget breakdown (into the various mission phases) shall be developed.  A complementary verification/monitoring plan shall also be developed.

· Spacecraft and instrument design shall be reviewed to identify potential threats to mission success.  Contamination protective devices (aperture covers, purging, bagging, on-orbit warm-ups, etc.) shall be implemented when necessary.

· Materials for all spacecraft hardware shall be reviewed for contamination generation potential.  Specific materials outgassing and/or particle generation testing shall be performed, as required, to assess the acceptability of proposed materials.

-
Contamination Control Plans (CCPs) and supporting documents (procedures, standards, plans, logs, etc.) shall be developed to define and document the approach methodology.

· Peer reviews and contamination working groups shall be involved in reviewing the contamination control program at critical project development phases.

CONTAMINATION ANALYSIS AND TESTING GUIDELINES

Molecular and particulate contamination analyses shall be performed to assess the contamination effects on critical surfaces, to identify requirement incompatibilities, and to help develop an effective contamination control program.

Molecular analysis tools such as Molecular Flux (MOLEFLUX) and Contamination Analysis Program (CAP) (or equivalent) shall be exercised to determine outgassing levels, molecular mass transport, and resulting deposition levels on critical surfaces.  Input data for these analyses shall include current geometries, thermal profiles, detailed materials outgassing characteristics, and relevant on-orbit environmental data (solar exposure, ambient molecular densities, etc.).
Particle generation and redistribution analyses shall be conducted to predict particulate build-up on sensitive surfaces.  Particle analyses for both ground, launch/ascent/orbital, and space-based mission activities shall be performed.

Testing plans shall be developed, to define contamination testing requirements and methods, to obtain data on materials behavior in space, to study materials transport behavior, and to assess the effects of contaminant depositions on critical elements.  Necessary laboratory equipment, vacuum chambers, radiation sources, contamination measurement devices shall be employed.

Both analyses and testing plans shall be designed to:

-
Develop contamination requirements and allocate contamination budgets.

-
Validate subsystem design concepts.

-
Assess contamination impacts on spacecraft, instrument, and subsystem operations.

-
Assist in optimizing spacecraft design and planned operations.

-
Assist in developing adequate contamination monitoring and verification methods.

-
Assist in defining the parameters for adequate thermal vacuum bakeouts and thermal vacuum tests.

-
Predict contamination accumulations during ground and space-based mission phases, and to determine resulting spacecraft/instrument performance degradation potentials.

Design Phase Guidelines

There are a number of recommended practices to be implemented during the design phase of a space hardware program, including:

· Develop project contamination control planning documentation early in the program.

· Screen for low outgassing (according to ASTM 595) and low particle generating materials for use on space hardware.

· Select low outgassing materials (using the ASTM E1559) based on the use, location, quantity, and on-orbit conditions of the hardware.

· Design hardware and coatings to be easily cleanable and verifiable.

· Isolate optical cavities and elements from other parts of the spacecraft (electronics boxes, cabling, harnesses, etc.).

· Design aperture covers for critical optical cavities.

· Perform analyses to determine optimal locations for vents; vents should be located and directed away from critical surfaces.

· Estimate the contamination levels on thermal control systems (radiators, coatings, etc.) and assess the system degradation due to contamination build-up.

· Assist in designing propulsion systems such that critical spacecraft elements will not be detrimentally affected.

· Assist in designing mission operational plans and data-taking operations to take advantage of low contamination potential time periods.

HARDWARE FABRICATION AND ASSEMBLY GUIDELINES

Contamination control shall be exercised during the fabrication and assembly of  space hardware, depending on hardware sensitivities.

Generally, fabrication and assembly of space hardware may be performed in uncontrolled environments (manufacturing areas, machine shops).  Assembled parts shall undergo a cleaning (to specified levels, depending on the project CCP), shall be verified as meeting specified levels, and then double bagged for future use.

In certain cases, where a thorough cleaning of the assembled component will not be possible (e.g. sealed boxes and enclosed surfaces), cleaning shall be accomplished throughout the fabrication and assembly operations.  After final assembly, the components shall be verified for cleanliness level compatibility, and double bagged for future use.

INTEGRATION & TESTING GUIDELINES

The contamination control goal of the I&T phase is to perform the necessary I&T without compromising the cleanliness integrity of the spacecraft hardware.  Specific I&T guidelines include the following:

-
Mandatory personnel cleanroom/contamination training programs shall be implemented.

-
Proper cleanroom facilities (Class 100,000, Class 10,000, clean tents, clean benches, etc.) shall be determined according to project contamination requirements for all I&T activities.

· I&T operation procedures and practices shall be established to minimize contamination of hardware.

· I&T facilities shall be monitored for molecular and particulate contamination environmental levels, and for contamination build-up.

· Hardware shall be monitored, inspected, and cleaned as required, on a periodic basis (to be defined in the project CCP), and results documented in certification logs.

· Bagging, purging, and other protective procedures shall be established and implemented, based on hardware requirements defined in the CCP.

· Special precautions to protect the flight hardware shall be taken during I&T activities which take place in uncontrolled environments (e.g. vibration test cells).

· Hardware thermal vacuum bakeout and outgassing certification requirements shall be developed.  It is recommended that bakeout of hardware be performed at several different assembly and integration phases (piece parts, components and assemblies, subsystem level, and full-up spacecraft) to enhance outgassing.  Bakeouts shall be performed at maximum allowable temperatures in thermal vacuum chambers equipped with cold shrouds.  The bakeout conditions shall be continuously monitored and certified by Quartz Crystal Microbalances (QCMs).

· During transportation and storage, the state of cleanliness of the hardware shall be preserved via covers, containers (environmentally controlled when appropriate), bagging, and purging.  Measurements of hardware cleanliness shall be taken before and after transport/storage operations to assess contamination build-up.

LAUNCH SITE, LAUNCH, AND ON-ORBIT PHASE GUIDELINES

Contamination engineering requirements shall be established and implemented for launch site activities, pre-launch tests, launch, and on-orbit mission operations.  The guidelines shall cover the following:

· Development of a Launch Site Contamination Control Plan (LSCCP) outlining planned activities and requirements.

· Special payload protective devices (covers, containers, bags, portable clean tents, etc.) for pre-launch operations shall be identified and documented.

· Environmental parameters for air cleanliness, temperature, relative humidity, and surface cleanliness requirements of launch vehicle and companion payload (if applicable) shall be developed and documented.

· Purge system operations, purge gas purity, and purge hardware requirements shall be established.

· Engine and thruster firing operations shall be evaluated for contamination impacts on the space hardware.

· The initial on-orbit outgassing period (prior to optical aperture cover openings, and scientific data collection) shall be defined, based on analysis results, with respect to achieving the desired instrument performance.

· Long-term on-orbit de-contamination and contamination avoidance operations shall be developed.
· If applicable, contamination requirements for spacecraft retrieval, return, repair, and reflight shall be developed.
· Post flight mission evaluations, and contamination lessons learned reports shall be developed for use on future, or follow-on programs.
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