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prererrRED  CONTAMINATION CONTROL OF
vyl SPACE OPTICAL SYSTEMS

Practice:

Contamination of space optical systems is controlled through the use of proper design
techniques, selection of proper materials, hardware/component precleaning, and maintenance of
cleanliness during assembly, testing, checkout, transportation, storage, launch and on-orbit
operations. These practices will improve reliability through avoidance of the primary sources of
space optical systems particulate and molecular contamination.

Benefit:

Controlling contamination of space optical systems limits the amount of particulate and
molecular contamination which could cause performance degradation. Contamination causes
diminished optical throughput, creates off-axis radiation scattering due to particle clouds, and
increases mirror scattering. Controlling molecular contaminates minimizes performance
degradation caused by the deposition of molecular contaminants on mirrors, optical sensors and
critical surfaces; improves cost-effectiveness of mission results; and improves reliability.

Programs That Certified Usage:

Apollo Telescope Mount (ATM), Hubble Space Telescope (HST), and High Energy Astronomy
Observatory (HEAO).

Center to Contact for More Information:

Marshall Space Flight Center (MSFC)

Implementation Method:

Contamination control of space optical systems consists of the planning, organization, and
implementation of all activities needed to determine, achieve, and maintain the required
cleanliness level of the optical system.

Each optical system has its own unique contamination control VARG
requirements. To effectively control contamination, concurrent SPACE FLIGHT
engineering procedures should be employed during design, CENTER

manufacturing, precleaning, assembly, testing/checkout, transportatism—
storage, launch and on-orbit operations.
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The desired level of cleanliness, established during the design phase, determines the techniques
required to accomplish the desired results. These steps should be documented in a
contamination control plan which can be developed by utilizing the following steps:

1. Determine degree of cleanliness required.

2. Prepare design with optimum materials, configuration, and tolerances to help
accomplish the desired cleanliness level.

3. Select and train personnel in contamination control techniques.

4. Select and use the proper materials, equipment, and processes to accomplish the
desired end result.

5. Implement contamination budgeting and monitoring throughout each program phase.
6. Plan the product flow to minimize the chance of recontamination after cleaning.

7. Select qualified personnel and equipment to monitor the cleaning processes.

The major sources of particulate contamination are:

® Airborne particulates settling on hardware surfaces during manufacturing, assembling,
and testing operations.

e Paint overspray, insulation shreds, clothing fibers, and other human-induced
substances.

® Trapped particles on internal surfaces of subassemblies and in other hardware
crevices. These are released and redispersed from acoustic vibration, transportation, and
launch.

® Reaction control system (RCS) or main propulsion system plume exhaust and flash
evaporator water release that may create residual cloud environments.

The major sources of molecular contamination are:

® Manufacturing residues (machine and cutting oils) which result from fabrication of
hardware.

® Material outgassing.

® Space vehicle surface outgassing during ascent, deployment, and retrieval operations.
e Ground and air transportation environments.

e \/olatile condensable materials in the environment to which contamination-sensitive,
critical surfaces may be exposed during assembly operations.

® Return flux of outgassed molecules due to collisions with residual atmospheric
molecules.

® Propulsion system plume impingements causing deposition of nonvolatile substances
(MMH-Nitrate) on optical surfaces.

e Oxidation through exposure to atomic oxygen present in low-earth orbit.



PRACTICE NO.PD-ED-1263
PAGE 3 OF 6

CONTAMINATION CONTROL OF SPACE OPTICAL SYSTEMS

A contamination control engineer should be assigned the responsibility for coordinating
contamination control requirements. This person should not only interface with the systems
engineers, but with the engineers and technicians responsible for design, materials,
manufacturing, testing, checkout, facilities, and quality assurance. The contamination control
engineer's responsibilities should include: 1) contamination control coordination, planning, and
budgeting; 2) coordination of materials selection and testing; 3) participation in design reviews;
4) preparation of detailed contamination control requirements; 5) review and sign-off of
engineering drawings, specifications, and procedures; and 6) monitoring with witness samples to
meet budgeting allocations throughout each program phase. The contamination engineer and the
guality assurance engineer should establish contamination control procedures for the assembly
and test facilities. Monitoring of the facilities should be performed by quality assurance
personnel.

To avoid contamination of the optical critical surfaces, contamination control should be a
foremost consideration in the design. Contamination sources can be minimized in the design by
careful selection and testing of materials, coatings, and processes. Purging the optical system
with clean, dry nitrogen during time the system is not in a clean environment (i.e., storage,
transportation, idle times during test, etc.) is an effective method of controlling contamination.
The selection and testing of organic materials should be accomplished per MSFC-SPEC-1443
(ref. 6).

Clean room assembly areas should be maintained to class 10,000 and clean benches to class 100
per MSFC-STD-246. After fabrication, all parts should be cleaned, outgassed per established
procedures, doubled-bagged using approved material and sealing methods, and placed in bonded
storage. Electronic assemblies should be assembled in a separate class 10,000 or better clean
environment and double bagged. Mechanical assemblies should be assembled in a separate class
10,000 or better clean environment. Electronic assemblies, mechanic assemblies, and structural
subassemblies should remain double-bagged until brought into final assembly clean area.
Structural assemblies and optical instrument assemblies should be assembled in a closely-
monitored and controlled class 10,000 clean room. All required personnel required for assembly
must be trained for work in a clean room environment.

After assembly, optical instruments should be double-bagged for purging with dry nitrogen to
help maintain cleanliness. The final assembly should be tested in at least a class 100,000 clean
area. Optics should be protected when they are exposed during the test and monitored with
witness samples which should be checked after the test. After testing, the optical instrument is
double-bagged and prepared for purging with dry nitrogen during storage or shipping to the
launch site.
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Measurement, Tracking, and Control

The following training in precision cleaning should be provided to personnel required to enter a
clean room: clean room maintenance, hardware handling, and clean room operational procedures
and principles. The optical system and clean room should be monitored and measurements
recorded using automatic particle counters, total hydrocarbon analyzers, temperature/relative
humidity measurements, and pressure fallout sampling of particulate and molecular

contaminants. These measurements should be tracked against the contamination budgeting plan.
Fallout sampling is usually checked with optical witness samples that are strategically placed
throughout the clean room and optical system.

During the monitoring for contamination of the clean room and optical system, any
contamination control discrepancy should be resolved with the contamination control engineer to
determine the impact on the optical system. This impact will be weighed against the
contamination budget and should be dispositioned by the materials review board.

Technical Rationale:

Contamination control is vital in aerospace optical systems to maintain high reliability and

clarity of images. Ground and space contamination prevention, detection, and control are
essential for the high-resolution space optical systems now in development or planned. In-depth
studies have shown that contamination avoidance is feasible and enhances mission success.

Impact of Nonpractice:

Failure to adhere to sound contamination control for optical systems could result in degradation
of the expected scientific data return by obscuring the optical surfaces with particles and
molecular deposits.

Related Practices:

PD-ED-1241, “Contamination Budgeting of Space Optical Systems.”
PD-ED-1233, “Contamination Control Program.”
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