-~ .-

T——

NASA TECHNICAL
MEMORANDUM

NASA TM-82407

(NASA-THM-82407) THE PASSIVE OPTLCAL SAMPLE N81-20808
ASSEMBLY (PUSA) ON STS-1 (NASA) 17 p
HC AQ2/MF AQ1 CSCL 20F

Unclas

G3/74 41895

THE PASSIVE OPTICAL SAMPLE ASSEMBLY (POSA) ON STS-1

By Roger C. Linton
Space Sciences Laboratory

March 1981

NASA

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama

MSFC « Form 3190 (Rev June 1071)

dcnsesiianiilionion.




—

TECHNICAL REPORT STANDARD TITLE PAGF

1. REPORT NO.
NASA TM-82407

2, GOVERNMENT ACCESSION NO,

8. RECIPIENT*'S CATALOG NO,

4. TITLE AND SUBTITLE

The Passive Optical Sample Assembly (POSA) on STS-1

8. REPORT DATE
March 1981

6. PERFORMING ORGAN!ZATION CODE

7. AUTHOR(S)
Roger C. Linton

8. PERFORMING ORGANIZATION REPORT #

9. PERFORMING ORGANIZATION NAME AND ADDRESS

George C. Marshall Space Flig.t Center
Marshall Space Flight Center, Alabama

10, WORK UNIT NO,

35812 11. CONTRACT OR GRANT NO.

19, TYPE OF REPOR'" & PERIOD COVERED

12, SPONSORING AGENCY NAME AND ADORESS

National Aeronautics and Space Administration_

Washington, D.C. 20546

Technicai Memorandum

14. SPONSORING AGENCY CODE

18, SUPPLEMENTARY NOTES

Prepared by Space Sciences Laboratory,

Science and Engineering

18, ABSTRACT

The Passive Optical Sample Assembly (POSA), scheduled for flight on Orbital
Flight Test 1 (OFT-1), is an instrument to aid in the assessment of contamination
hazards to sensitive payloads in the Shuttle cargo bay. It consists of an array
of passively deployed samples mounted on the Development Flight Instrumentation

(DFI) pallet in the Shuttle cargo bay.
the directory of samples together with
for POSA data analysis.

This report describes the POSA hardware,
their intended measurements, and the plan

17. KEY WORDS

Contamination
Passive optical experiment
OFT-1 experiment

18, DISTRIBUTION }I‘ATEMENT
/

I{C‘SW (7' /é;—c (£ T

Unclassified - Unlimited

19. SECURITY CLASSIF, (of this reparty 20. SECURITY CLASSIF, (of this page) 21, NO, OF PAGES | 22, PRICE

Unclassified

Unclassified 15 NTIS

MSPC- Form 1362 (Rev, Mocember 1513)

For sale by National Technical nformation Service, Springfield, Virginia 32161

o .




TABLE OF CONTENTS

Paqe
INTRODUCTION G0 AQENNRTI NP NRIOIENIIOLPNOENNORNNOD SOOI OEOIOIODOENIRTOEOOOEYSE l

DESCRIPTION OF 'iARDNARE (A RN AN NENERNEEEXERER RN NI NI AN I N NN W Y 1
DIR[CTORY OF SAMPL[S [ B A RN AN N N NN NN N N N N AN R R ) 6

DATA ANALYSIS PL/\N I E 0020 40 P00 0 QI8P QRGEIGIQAPIICEETIOBIICAEOIEORNOIODOAOTOTTTS 9
BIBLIOGRAPHY

A R L R o R I I R I I O I I N I O S S S T S Y ]2

fiid




s O TTTEYT O TEmTTI Ry T AT ey e e v

&

9

§ LIST OF ILLUSTRATIONS

%  Fiqure No. Title Page
i 1. POSA mounted on NFI pallet in carqo bay of OFT-1

(POSA in center of photograph) eeceecesscasascceces

2. Close-up view of POSA in cargo hay eeeevecceccsssnss 3
3. POSA configuration ceeeesssasssssccsccascocsssancses 5
4, Passive Optical Sample Assembly ceveevcnsnscocecsaee 7 i
’I
LIST OF TABLES - 1
Table No. Title Page
1. Passive Optical Sample Assembly (POSA) «eeevevacanrs 4

2. Projected Schedule for POSA Data Analysis seceeesess 1




NASA TECHNICAL MIMORANDUM

INTRONDU TION

The Passive Optical Sample Assembly (POSA) is a modified version
of one of the instruments included in the Induced Environment Contamina-
tion Monitor (IECM), an inteqrated technology payload consisting of 10
individual instruments sharing a common power and data collection sys-
tem. The IECM, designated for flight on all Orhiter Flight Tests
(OFT's) sueceeding the first and on Spacelahs 1 and 2, 1is designed to
provide verification measurements of Shuttle contaminant emission and
deposit levels during around operations, ascent, on-orbit, descent, and
posttanding. Despite the severe payload constraints of OFT-1 which
necessitated removal of the IECM from the mission, consensus substan-
tiated a critical need for 4t least baseline data pertinent to the eval-
uation of Shuttle contamiasation hazards. The POSA, while less ambitious
in scope than its parent IECM experiment (Passive Sample Array), is now
included on OFT-1 to provide some limited contamination verification of
the Shuttle environment so urgentlyv needed by the design and user com-
munities. Fiqures 1 and 2 show the POSA in the cargo bay of the
Shuttle.

As the name implies, the POSA instrument is totally passive. It
is a mounted array of five optical samples and three static-charged
Teflon sheets (electrets). Table 1 provides a directory of the samples
contained in the POSA for OFT-1. A1l of the samples were subjected to a
series of optical and analytical measurements prior to delivery to
Kennedy Space Center (KSC). The measurements will be repeated in an
identical manner when the POSA is returned to Marshall Space Fliaht
Center (MSFC) following the flight mission.  The degradation of the
optical properties of the optical samples will constitute the basis for
analysis of the severity of the contamination hazards for payloads in
the Shuttle carao bay, while analysis of the electrets will provide a
means of identifyving and specifyina the relative abundances of the con-
taminants.

DESCRIPTION OF HARDWARE

The POSA consists basically of a sturdy, rectanaular holder (Fin.
3). Six cylindrical receptacles (1.09 in. wide, 0.187 in. deep) are
bored at equal spacing alonq the axis of the holder. Smaller (0.75 in.
diameter) holes in ecach of the six sample "slots" are counterbored com-
nletely throuqh the holder so that, when the samples are emplaced, ef-
fluents can reach front and rear surfaces of the samples directiy. This
will allow assessment and some comparison of directionality in effluent
flow.

A retainer plate with six circular slots is bolted over the sample
holder, allowing maximum front-surface exposure of the samples while
holding down the outer edges. During the phases of ground nandlinq,
transportation, and installation when exposure is not desired, a solid,
rectanqular cover plate with captive screws is provided to protect the
samples. A1l hardware is 300 series stainless steel.
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FIGURE 1. POSA mounted on DFI pallet in cargo bay of 0FT-1
(POSA in center of photograph).
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FIGURE 2. Close-up view of POSA in cargo bay.
(FWD indicates forward with
respect to the Shuttle.)
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TABLE 1. PASSIVE OPTICAL SAMPLE ASSEMBLY (POSA)

Tray 012
Sample I.D. Material
A MgFo /A1 Mirror
B Gold Mirror
c 1810 R Fitter
D CaFy Window
E Top: CaFp Window
Base: Electret #8
F Top: Electret #10
Base: Electret #9

The POSA is mounted to the Development Flight Instrumentation
(DFI) pallet in the Shuttle cargo bay by means of two holts, one at each
end of the holder; these bolts mate to existing captive nuts under the
1ECM. mounting rails of the DFI pallet.

The samples are subject to chipping, breaking, or cracking if not
adequately protected. Therefore, Teflon gaskets are placed in each slot
of the holder prior to installation cf the samples and, in some cases,
on top of the samples as well. Qualification testing of the Passive
Sample Array/IECM and analytical calculations for the POSA have proved
satisfactory mechanical integrity.

Identification of the POSA hardware and the individual samples is
provided by means of stamped numbers and letters.on the front surface of
the retainer plate.

Assembly of the POSA for flight (with all components having been
properly cleaned, double-baqged, and brought into a designated clean
room) 1is straightforward. A Teflon gasket is deposited into each
depression (slot) of the holder. Into each of the first four sample
positions is deposited an optical sample, front surface up. Two elec-
trets are placed in positions (slots) E and F. A third electret is
added to slot F. The electrets are placed so that particles are at-
tracted from above or below the POSA. The fifth optical sample (CaFp)
is added on top of the electret in slot E. Additional Teflon qaskets
are added as needed to fill, but not overfill, the sample slot depres-
sions. The retainer plate is then placed over the sample holder, the
six (6-32 Phillips-head) bolts dropped into place, lock nuts added, and
all tightened uniformly to 10 to 12 in. 1bs. (torque). Finally, the
cover plate, with two captive bolts, is placed over the assembly and
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5 bolted into position.  The POSA was delivered to KSC with the motnt ina

- hardware (bolts, washers, spacors) separately baqaed. At KSC, the wash- 1
b ers were added to the two mounting holts, the bolts placed throuah the ?
Q designated holes of the POSA, the spacers added, and the POSA tiahtened

down to the DFI pallet. The cover plate was rvemoved, as scheduled, at |
the Tast carqo hay access on March 17, 1081,

L=

DIRECTORY OF SAMPLES

There are six sample positions jin the POSA tray to be flown (Fig.
4). The selected directory of samples for STS-1, as shown in Table 1
includos:

i ]

Ae—Mirror - Thin film aluminum overcoated with maqnesium
fluoride

Be Mirror - Thin film aold

C. Filter - Thin film multilayered metallic vacuum ultraviolet ]
filter )

0. Nindow

Calcium fluoride (CaFs), transparent to 1216 A

z E.o Window - Calcium fluoride (Cafa), uv arade
4

Fo Electret - lectrically charqged Teflon sheot

The basic philosophy of selection was determined by the relative
sensitivity of the surfaces selected and the relevance of concern for
similar materials as components of future STS pavieads sensitive to con-
tamination. In particular, the following measurements applv for the
samples in the order previously listed:

A An optically flat (A\/10) fused silica substrate is coated with
1000 A thickness aluminum which s, in turn, overcoated with a pro- '
tective and reflective-enhancina 250 A thick ayer of maanesium flu-
orides  The sample is desianated as Mabo/Al.  The substrate thickness
is 32 mm (0.125 ind). This particular composition of thin film mirrer
provides the hichest retlectonce in the vacuum ultraviolet spectral
ranqe through, or down to, 1216 A yavelenath (Lyman o).

Heasurements of  specular, spectral reflectance are pertormed in
the wavelenath ranae 1200 to 3000 A in g reflectometer at the oxit
sTit of a Seya-Namioka monochromator. A hydrogen discharae lamp is
utilized as the source.  Additionally, the measurements are extendoed
throuah o5 pnowavelenath by measuring the diffuse rveflectance in a
Gier-Dunkle intearating sphere tacility.

R. The aold mirror consists of o 3000 A thickness faver  of
pure aotd on g tused silica substrate.  The substrates of a1l mirrers

selected for use in the POSA are ddenticals  This sample is desianatod f
as the Ag mirrors Both cold and Hab /AT mivrors are standard  compon-
ents ot space optical  instrumentation, In the spectral ranae of
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meastrenents selected, the dearadation due to deposition of contaminants
is detoctable for the presence of as little as one monolayer of contami-
nation.

specular, spectral reflectance of the qold mirror is measured in
the range 1200 to 3000 N and is extended, for diffuse reflectance
and backscattor measurements, through 2.5 p with the Gier-Dunkle facil-

ity.

C. The vacuum ultraviolet filter is composed of a multilayer thin
film composition deposited on a magnesium fluoride substrate. The fil-
ter transmits a 225 R bandwidth of _light centered at 1310
wavelenqth.  Peak transmission at 1810 A is 21 percent. Such fil-
ters are common components of vacuum ultraviolet instruments flown in
space. The transmission is highly sensitive to contamination.  The
filter is opaque to all wavelenqgths of light in the range 0.12 to 2.5 u
except, of course, for the "narrow" bandwidth, as desiqned.

Measurements of the filter include front-surface specular, spec-
tral Eef]ectancé and direct transmission in the wavelength ranqe 1200 to
3000 A,

D. . The calcium fluoride "window" is dimensionally identical to
the mirror suhstrates; both sides are optically polished. Transmission
extends through the ultraviolet. Such windows are commonly used as com-
ponents in spaceborne optical instruments, and the deqradation of opti-
cal performance due to contamination can severely deqrade the perform-
ance of the elements they are emplaced to protect.

Measurements of front-surface specular, spectral reflectance and
direct transmission are performed in the wavelencth range 1200 to
3000 A, In addition, the samples of this type are subjected to
hbackscatter measurements in the Gier-Dunkle facility.

E. The CaFp sample is optically polished on both sides (2.54 cm
diameter, 2.5 mm thick). This sample is transparent to light throuah
the Xacuum ultraviolet to a mannitude decreasina to zero below
1216 A,

Because of hardness. resistance to water, uv-induced damage, and,
of course, favorable transmission properties in the vacuum ultraviolet,
calcium fluoride windows are commonly used as components of spaceborne
optical instrumentation (particularly as windows for environmentally
sensitive detectors).

Measurements of front-surface specular, spectral reflectance and
divect transmission are performed in the wavelenath  rance 1200 to
3000 A,

Fe The eolectrets are made of  Teflon-polytetrafiuorethylene,
(Collg)yye [Moctrets  are  dielectrics  with a  permanent  surface
charac that aives them properties analedous to mannets by attracting

-t
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charged particles and fons to their surface. From X-ray microprobe
analysis of the offluents collected on the Teflon electrets, eneray
measurements are made in the X-ray eneray ranqe from 0.707 to 30 reV
40,170 keV (i.e., fluorine to silver). Thus, an elemental analysis and
an ostimate of the abundance of the clements are obtained.

Three electrets are included in the POSA for OFT-1. One is placed
under Sample E, the calcium fluoride "window." For this electret, the
jon-attracting charned surface is oriented 180 dearees from the direc-
tion the CaF, samples faces, providing a measure of the directionality
of effluent flow. The other two electrets are placed in sample slot "“F"
of the POSA holder (one facing "up" and the other facing "down") for
directionality analysis.

The preceding measurements were performed on the samples prior to
installation in the Shuttle, and they will bhe repeated tn an identical
manner after the fliqht to assess the contamination hazards of the STS
cargo-bay environment. -

DATA ANALYSIS PLAN

The inclusion of a variety of optical surfaces and electrets in
the POSA for STS-1 offers a corresponding variety of “sticking" proba-
bilities for contaminants. Fach of the samples in the POSA was chosen
for its relative sensitivity to optical deqradation by deposition of
contaminants as well as inherent relevance to future STS payloads.
Measurements of the optical properties of the samples made prior to
installation of the POSA on OFT-1 will be compared to identical measure-
ments on the samples after the flight. Analysis will be directed toward
understanding the mechanisms of degradation as well as identification of
the contaminants themselves. The inclusion of electrets in the POSA
will enhance the probability of collecting and retainina contaminants
and, further, will provide a basis for chemical identification by esti-
mating elemental abundan.e.

The plan for POSA data analysis is subdivided into the following
major phases: :

1. During pre-installation measurements of the cptical properties
of the five optical samples and backqround microprobe measurements of
the three electrets, personnel will handle the samples with clean-room
procedures, including qloves.

2. Followina retrieval of the POSA from the Shuttle carao bay
after the flinht mission, the unit 4111 he douhle-hanned and returncd
(hand-carried) to MSFC for analysis.

3. At MSEC, 1n a laminar-flow class 10,000 clean-hench environ-
ment, the protective cover will be removed and a thorough visual inspec-
tion of the samples in the POSA tray will be performed. Personnel
handling POSA hardware will wear clean-room aarments and use clean-room
aloves in all phases of handlina.




e ee ot el s

7 pRTyn—T g ek s

4.  Photoaraphs of the POSA will be taken for comparison with
those taken prior to KSC delivery.

5. The five optical samples and the three electrets will he ro-
moved from the POSA ha:dware.

6o Individual, close-up photographs of the samples themselves
will be taken.

7. The electrets will he subjected to X-ray microprobe anaiysis.

8. The optical samples will be subjected to measurements of
reflectance, transmittance, and backscattering cefficiency in a manner
identical to that used in the pre-installation sequence.

9. The optical dearadation will be determined hy computing the
percentage channe in each of the optical properties, computed as a per-
rentaqe of the measured difference, if any, divided by the original
value--all as a functio:i of wavelenqth.

10.  The microprobe analysis of the electrets is expected to reveal
information concerning the nature of the collected contaminants. A
measurenient of the relative elemental abundance will be performed. An
excellent opportunity for assessing at least one aspect of the direc-
tionality of carqo bay effluents will be presented throuah analysis of

the relative abundances from electrets oriented 180 denrees apart in the
POSA.

11. A final analytical tool available for this analysis of the
optical samples will be the scanning electron microscope (SEM) facility
in the Space Sciences Lahoratory at MSFC. It is necessary that this be
the final phase of measurement hecause of the necessity of depositing a
conductive paste to the samples for analysis with this instrument.

Table 2 summarizes a projected schedule for data analysis of the
POSA.

A "quick-look" report of the initial results obtained will bhe
available within 2 weeks of delivery of the POSA to MSFC. i1he extended
analysis, with conclusions, will be available for distribution (in NASA
Technical Memorandum format) within 6 weeks.

10
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TARLE 2. PROJECTED SCHEDULE FOR POSA DATA ANALYSIS

Task istimated Time Required

——

Location/facility

Retrieval of POSA, 2 days
installation of

cover plate, douhle-

hbagging, shipment to

MSEC

Initial postflight 1 day
inspection {(visual),
including photoqraphs

Optical measurements

and
X-ray microprobe 2 weeks
analysis of samples

flectron microscope 3 days
photoaraph, microprobe
analysis of samples

KSC

SSL/MSEC
Laminar-flow clean
bench

[S64/MSFC
Sova/Namioka mono-
chromator; Beckman
DK-2 integrating
sphere

SEM Facilities:
FCA3/MSEC
[S73/MSEC

N
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