METEOROID & DEBRIS SPECIAL INVESTIGATION GROUP
DATA ACQUISITION PROCEDURES

Thomas H. See Martha K. Allbrooks Dale R. Atkinson
Lockheed Engineering & Sciences Co. POD Associates, Inc. POD Associates, Inc.
Houston, Texas 77058 Albuquerque, New Mexico 87106 Albuquerque, New Mexico 87106
(713)483-5027 / FAX (713)483-5347 (505)243-2287 | FAX (505)243-4677 (505)243-2287 | FAX (505)243-4677
Clyde A. Sapp Charles G. Simon Mike E. Zolensky
Lockheed Engineering & Sciences Co. Inst. for Space Sciences & Technology NASA Johnson Space Center
Houston, Texas 77058 Gainesville, Florida 32609 Houston, Texas 77058
(713)483-5141 / FAX (713)483-5347 (904)371-4778 | FAX (904)372-5043 (713)483-5128 / FAX (713)483-5347
SUMMARY

The entireLDEF spacecraft was examined by membershaef M&D SIG for impact {.e., craters 30.5 mm and
penetrations 30.3 mm in diametehd related featurese(g, debris, secondaries). During tharious detailedsurveys
conducted at KSC, approximately 5,000 impact-related featees photodocumentednd theirlocations measured and
recorded; an additional approximately 30,000 smaller featuees counted.The equipmenandtechniques utilized by the
M&D SIG permitted the determinatiaandrecording of the locationanddiameters of the 5,000 imaged featuresvafiety
of experimental and LDEF-structural hardware was acquired by the M&D SIG and is presently being examined and curated at
JSC.

INTRODUCTION

The Long Duration Exposureacility (LDEF) exposed several dedicated experiments designed totlsaiaypervelocity
particle environment in low-Earth orbit (LEO). While most of these experimegats intended to investigateatural
micrometeoroids, a substantial concern regarding the contributions of man-made orbital debris emergedceimmeptiuen
of these experiments. These developments maparamount that DEF's cumulative impact history be quantified to the
greatest extent possible. Becausthefstochastic nature of the bombardnm@ntessthis quantification requirethat efforts
be made to obtain the best statistical information possible from LDEF.

It wasrealized prior to the retrieval &fDEF that thededicated meteoroid experiments wounlit suffice to accomplish
these objectivesand thatsystematicscanning of the entire DEF spacecraft would be necessary to obiaformation
complementary to, or in addition tthat expected fromthe dedicated instrumentslssuesthat would benefit fromthis
additional information include (1) addressing theoretically predicted variations absiodute magnitude of partidlexes as
a function of instrument orientation relative to thelocity vector of anon-spinningspacecraft in LEO, (2) obtaining
statistically reliable datéor large impactors, which demands analysis of the largest area-time prahat{8) target-of-
opportunity investigations on the dynamic behavior of any number of mati@lmay be incorporated in future spacecratft.
All of these issues figure prominently ihe understanding of collisional hazards in LE@d in the characterization of the
dynamic properties of bothatural and man-madepactors, the latter ultimately yielding a better understandintesf
origins and sources.

To this end, the. DEF Micrometeoroidand Debris Special Investigation Gro§p&D SIG) wasorganized. Previous
experience with the impact record on planesugfacesandretrieved spacecraft componengsg, Solar Max) revealed the
somewhat subjectiveature of simple crater counts. Thuswis decidedhat a limited number ofxperienced individuals
would be best suited to perfortine global LDEF survey in a systematnid internallyconsistent fashion. This groue.§,
the M&D SIG "A-TEAM") resided atthe Kennedy Space Center (KS@liring the entird. DEF deintegrationi(e., February
through April, 1990). The A-Teamptically scanne@nd photodocumentedll exposed LDEF surfacegd., measured and
photographed approximatel$,000 individual impact events) for impact-related featuries, (craters 30.5 mm and
penetrations 30.3 mm in diameter,veall asother related features [debris, secondaries]ilidentified andsecured surfaces
of special interest. The long-term curation of these mateaiads all documentation was subsequentiginsferred to the



Johnson Space Center (JSC), which is responsible foraomrontinued access to thesmterials by qualified investigators,
and for maintaining an up-to-date database of LDEF impact data.

This report is a brief synopsis of the A-Team activities at KSC. It summarizes a detailed report published earlier (1), and
discusses post-deintegration activities tbé M&D SIG at JSC. A companiorpaper (2) presentsome first-order
observational results extracted from théensive database generatienling theKSC documentation efforts. It is hopttht
this synopsis provides some backgrowmt context to ongoing LDEF studi@sd that itintroduces the uninitiated reader to
the significanceand unparallele@pportunities afforded by LDEF to improve aumderstanding ofosmic dustnd orbital
debris.

IMPACT FEATURE
CHARACTERISTICS

KSC

Diameter Measurements < >

The two primary reasons for
making diameter measurements of
craters/penetrations at KS@ere to (1) JSC
determine if the minimunfeature-size < D>
criterion hadbeen meaind(2) develop a
first-order database for feature sizes ang
locations. Ultimately, it is the goal of
the M&D SIG to report diameter
information which reflectdhe feature's
diameter at the original targeturface
(D). At KSC, diameter measurements
were made directly frorrideo monitors
because no reliableand practical
te_Chmque V\_IEiS avalla_ble to measure the Figure 1. Diagram illustratingthe relationship between thestimateddiameter ([) and theactual
diameters in real time at the target| diameter ().
surface. By usinghis video technique,
attempting to measure the diameter at
the level of the originalsurface would have beenvary subjective processKSC measurements, therefore, were made from
rim-crest-to-rim-crest ([) on opposing sides dhe featurebecause(1l) such locationsvere easy tadetermineand (2)
subjective error was minimized. The difference in these diameters is illustrated in Figure 1.

To ensure that all operators measured approximately the same diameters, measurements were made of a stage microme
at thefour predefined i(e., click-stop) magnifications in order to generate a set of correlgtiaphs which permitted
diameters measured on the video screens to be convertedesiithatedeature diameters. Feature diameters were estimated
to the nearest 0.01 mm using thesaversiongraphs. However, becaustnerewere several possible sourceseofor in the
measurement techniques employtbe, reported diameters are givamy tothe nearest 0.1 mm. This representsi¢lvel of
accuracythat could realistically be expected frothe measurement techniquasd the large number afystem operators
contributing to the M&D SIG database.

Themajority of impact features on LDERere located in matlic surfaceswere symmetricahndpossessethised rims.
For these features the measured diameters the rim-crest-to-rim-crest diameter mentiorsdsbve (Figures 2a-2c¢). For
craters angbenetrations not possessing a raiget measured diameters reflabie edge-to-edge distandetween opposing
sides ofthe feature (Figure 2d). For most penetrations in the AQi&Bnal blankets, the measured diameters equal the
center-of-lip-to-center-of-lip distand@tween opposing sides thie raisedreflon lips (Figure 2e). Lastly, for rimless craters
in glass or brittle materials, the measured diameters equal the distance from opposingtsidesswfual crater or central pit
of the structure (Figure 2f).



Elliptical featuresthat hadmajor- and minoraxesthat varied by 310% (Figure 2gand highly-oblique {.e., extended
tear-drop shaped; Figure 2t@atures were measuraetbng both axes. Accurate measuremerdbtiue features was often
complicated bythe poorly defined, diffuse boundaries thie impact-affectecarea. Their dimensionsere measuretetween
the furthest points of altered surface material discernible under optical magnification.
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Figure 2. Typical impact feature structures and associated diameter measurementSrog#ection of a typical crater with symmetrical rim |and
overturned lips, (B) Top view of [A], (C) Cross-section of a penetration with symmetrical rim and overturned lips, (D)dioyssfse penetration withoyt
rims, (E)Cross-section of a penetration -- with collapsed rims -- through a single-layer thermal blanket, (F) Cross-section ofat=idweal central pit
in glass or brittle material, (G) Top view of elliptical crater, and (H) Top view of highly elliptical, extended tear-dreg felzdipre.

Morphology
Metals

Approximately 75% of theexposed surfacarea onLDEF consisted of coated or uncoateiminum alloys. All
experiment-tray flanges.€., tray lips), tray clamps (except forfew), and the structurahembers othe LDEF framewere
constructed from chromic-anodized 6061-dléminum. The same aluminuwas used irthe fabrication of thespace-end
thermal panelsspace-and Earth-enddummy plates, grapple-fixture trays, experiment environment control cannisters
(EECC), a variety of experiment-frame structuesy] theexperimental surfaces tfe 25whole orpartial SO001 experiment
trays. The Earth-end thermal panelsre anodized by a slightly different proceskich resulted in theiblack color.
Structural members whiclwere held together with 303 stainless steel bolts. In additiorgreety of small uncoated metal
samples were exposed as part of several experimental packages.

Most craters in uncoatedetal surfacesvere symmetrical irshapeand possessedaised rims (Figure 2andb), while
only a small percentage exhibited asymmetiim shapes or werelliptical (Figure 2g). Several dozen highly elliptical
features (Figureh) were found orthe black Earth-end thermal panels. These latextended tear-drop shaped features
possessedemi-minor axes of <0.Bim, while the semi-major axesere commonly>1.0 mm. Afew similar featureswere
found in various locations around the spacecraft. Several multi-cratering events were found on metal surfaces. These unusu



and rare impadeatures consisted of tens to hundreds of smaller ciatarg the bottomandwalls of the host cratdormed
by the overall event.

Penetrations through metalbairfaces, such dbe foils of the A0023 experimentgnd afew large penetrations through
1.6 mm thick aluminum exhibited the general symmetrical lawld rim shapes depicted in Figure 2cThinner foils
possessed correspondinglgrrower rims thatverenot always evidentvhenviewedunder themicroscope system. However,
hole-diameter measurements were easily made for these features regardless of the rim width.

Coatings on someanmetal surfacesanged fromseveral microns to approximately5 to 100 pm layerede(g,
Teflon/silver/adhesive) coverings on several experimental surfacgs $1005and S0069). Between these extrenvesre
many painted aluminunsurfaces whichhad avariety of primer andtop coats totaling approximate®5 to 50 pm in
thickness.

Impacts in aluminuntoated with silvered-Teflowere evaluated differentlthan features found in other coated- and
uncoated metal surfaces. Sinbte coatingwas relativelythick (75 to 100um) the impactswere treated as if they had
occurred in Teflon foils. Impacts in these surfaces produced a penetration/melhtiadshock delamination zone in the
Teflon that commonly extended tens of hole diameters around the penetratiati, asareas of black discoloration partially
around some features. In most cases there was a small crater in the underlying aluminum.

Larger craters€.g, >0.5 mm) in painted metalurfaces were ofteaurrounded by spall zones extending outward for
several crater diameters. Multilayered spall zones extending rddiatbns ofcrater diametera/ere frequently encountered
on aluminum coated with several layers of paint.

Glasses and Brittle Materials

Several square meters of surface area on LDEF were occupied bthglassluded solar-cell covers, metal-oxide-silicon
(MOS) capacitor-type detectorand hundreds of smatlilassand crystalline samples. In addition, theweere several
experimental surfaces which utilized glass or crystalline materiaievass or windows.The morphologies of impacts into
such materials depended on the physical properties of the individual material. In general, these bedtaviadsbrittlely
and exhibited several, if natll, of thefollowing characteristicstims, spall zones, fracture zones, anddsrended fracture
zones (Figure 2f).

The extent of the spadindfracture zonesand thepresence or absence ofian around the crater grenetratiorwere the
major differences among impacts in these materials. When rims were present, or wheagtegenetration hole without a
rim, feature diameters were measured as disciesadidr. Rimless cratersiere common in theseaterials;for such features
the residual-cratei.€., central-pit) diameter (Figure 2f) was measured and reported.

Solar-cell cover glasses exhibited more complex, lfreature zonesndfewer extendedractures zones, while smaller
spall zonesvere foundaround impact sites in crystalline substrates. Occasiotiaflyfracture zones extended tens of crater
diameters to thedges othe glass or crystalline substrate. In general, spall 20ees relativelylarge, whichmay account
for the absence ofims. Incases wer¢he central pitvas indiscernible (due to dislodgethterials), the spall-zone diameter
was recorded.

Polymers

Impacts into relatively thiclpolymersthat were not subjected to extensive atomic oxygen erosion posseksexhme
general morphology as impadtgo uncoated ductile metal surfaces. Diameter measuremverdsmadeusing the criteria
described above.The few impacts in thickpolymeric surfaces whickvere subjected tsignificant atomic-oxygen erosion
(e.g, G21andG23 leading-edge reflectors) appeared wamdill-defined. The diameters of these featunese determined
from the residual rims or craters.



Seventeemperipheral traysvere coveredvith Scheldahl G411500 thermal blanké®S B) consisting of an outer layer of
FEP Teflon (125 pum thick)backed by a layer of silver/inconel (200 to 30@héck), which inturn was backed by DC1200
primer and Chemglaze Z306 black conductive paint (80 to 100 um thick). Thediff@i@nce betweempacts in theSTBs
wasthe presence of eollapsed or an uncollapseidh around thesite. Most impacts produced variallelamination zones,
some ofwhich extended radially up to tens of penetration-hole diameters. Penetragi@ngenerallysurrounded by one or
more (whole or partialjings thatvaried in sizeandcolor. In generalrings were more pronouncearound events on the
leading-edge, as opposed to their trailing-edge counterparts.

Impacts into laminatedolymeric films €.g, Kapton specimens on A0138) produced craaeic penetratiomoles with
the general structuréescribed above, but also exhibi@elamination zones, each of which appeared bsbale between
layers. Fiber-reinforced layered plastics exhibited less extensive delamination aothésyed fibers were often noted
overlapping the penetration holes.

Composite Structures

Several experiments exposed composigterials consisting of layers of carbon, glamsd/or Kevlarwoven fibers
laminated with resin binders. Impacts in such materials generally resulted in rimless features, while impact-induced damage
commonly tookthe form of brokerfibers and missing bindefrom the affected volume.Remnant fibersvere often found
extendingover the area ofxcavated bindematerial whichcomplicated feature locatioand diametemeasurements. In
some casethe diameter of thaffected volume increasedth depth. Thisffectappeared to be a function of tbemposite's
density, layering style, layer spaciagdfiber type. Spall zones, which generally extendady afew crater diameterayere
common around impacts in layered compositedwere defined byareas where the bindeadbeen disruptednd/orejected.
Delamination-type zones were present around many large intpatextended dew crater diameterbeyondthe spall zone.

Images were extremely difficult to record on composite surfaces dilne taverlap of broken fiberand thegenerally low
albedo of such materials.

Multilayer Thermal Blankets and Structures

Several square meters on LDEF weoweredwith multilayer thermal blanket@MTB) or other multilayered surfaces.
Most MTBs consisted of approximate$y um thick layers of aluminized Mylar separated by approximat@f/ um thick
Dacron netting. On#TB in Bay B10 (S1005) consisted of 8 to 10 layers of approximdielym thick aluminizedMylar
separated by Dacron nettirand encased with an outer covering of Teflon-coated fiberglass (beta cloth). Additional
multilayer structurecoveredexperiments inBays B0O4 and D10 (A0054)and consisted of an outer layer of aluminized-
Kapton followed by bonded layers of conducting epoxy, aluminum, non-conducting epoxy and Kevlar.

Large impacts in MTBs producethormal" penetrations through the exteriayer (Figure 2cand 2d),followed by
successively larger holes in subsequent layers caused by expanding debrisldtomeiger,the bottoms of such featuregere
rarely visible inthe assembled MTB ithe overallevent effectednore thantwo or three blanket layers. lall cases the
catalogued hole diameter refers to the outer foil.

Impacts in the materials similar to beta-cloth were, in many respects, like penetrationfirotrsecompositenaterials.
The dominanbbservable impact-inducathmage wathe rupture of the fibers thabmmonly overlappethe penetration. It
wasnot possible to sebeneath the beta-clothyer ofthis MTB type. Inaddition, as a result of the strand diamet&00Q
pum) andweavespacing, itwas difficult to detectery small impacts into such surfaces. All impact evaet®cted in beta-
cloth surfaces were photodocumentadd theirdiameters measured from the apparedges ofthe disrupted fiers on
opposite sides of the site.

Impacts in the A0054 multilayer structures resulteehviants whictaffected differingnumbers of layers dhe laminated
substrate. Feature diameters were measured from the center points on opposite sides of the crater rims, as shown in Figure
A variety of delamination and spall zones, and areas of rolled back foil were present around several of the large impact sites.



LDEF SURVEYS

Following Columbia'srendezvous with LDEF on Januat®, 1990, theVi&D SIG performed various inspections and
surveys ofthe spacecraft. Cursory inspections were conducted from JSCnimnitoring therecovery on closed-circuit
television,and by examiningphotographic negatives of thédEF on-orbit documentationThe next inspections occurred in
the Orbiter Processingacility (OPF)prior to LDEF's removal fronColumbia'spayloadbay atKSC, and during the transfer
of LDEF fromthe payloadcanister to thé DEF Assemblyand TransportatioBystem (LATS) inthe Operations &heckout
(O&C) building. All detailedsurveys occurred following LDEF&Tival at the Satellitdssemblyand EncapsulatioRacility
2 (SAEF 1), where LDERvas completelydeintegrated. Detailed examinations included theBdl)s, Clamps, Shims and
Experiment Tray Flanges/Lips Inspectiand Bolt OrientationSurvey, (2) General Experiment Tray Frorand Backside
Survey,(3) Detailed Experiment Tra$urvey,(4) Thermal Panel Inspecti@ndBolt OrientationSurvey,(5) DetailedLDEF
Frame Survey and (6) Detailed Thermal Panel Survey.

On-Orbit Survey

The initial spacecraft survey was conducted the LDEF Inspection Team, which included am&D SIG member,
monitoring Columbia's downlink video and audio signals at JS@uring the retrieval operations on January 12, 1990.
SignificantM&D SIG-related observations madering thissurveyincluded (1) the A0187-2 thin-foil samples whialere
partially detache@ndrolled up, (2) the A0187-1 clamshells being opeamd (3) dark circularfeatures on the AO17®ermal
blankets.

The secondurvey involved viewindhe first-generation negatives of the on-otitEF photography taken kiye STS-
32 crew. The astronautsvere present, which provided an opportunity to ask abitweir personal impressions and
observations of the LDEF spacecraft. According to the astronddis; continued to generate debris throughbet mission
following its retrieval, especially during crew exercise periods.

Orbiter Processing Facility Survey

The next opportunity to examind)EF was afteiColumbia(containing LDEFhadbeen ferried to KS@ndmovedinto
the OPF. On January 31, 1990, thBEF Inspection Team monitored payload deintegration operationpdssible
movement-related damage. LDERsstill located inthe payloadbay atthat time soconly Rows 1, 2,10, 11 and 12vere
completely visible; portions dRows 3and 9werepartially visible. This surveyidentified the circular features on tA©178
thermal blankets as relatively small penetration holes surrounded by substantial dark-colored rings.

Prior to removing LDEF fronthe payload bay, LDEF'srunnion pinswere surveyed foimpact features whickvould
have been damagetliring installation of the trunnion-pin caps. No steatures were found ahat time, nor during later
detailed surveys. After LDEF was removed frtime shuttle angblaced in thepayloadcanister, OPF personnel retrieved
various LDEF materials from the payload bay including an approximafeky10 cm solar panel.

Operations & Checkout Survey

After leaving the OPF, LDEF was moved to the O&C buildirege it wagransferred from thpayloadcanister td_ATS
on February 1, 1990Again, theLDEF Inspection Teanwas present toonitor operations. Oncevtas in LATS,much of
the spacecraft could be surveyed at a reasonable distance for the firsttimeurveypermitted fullaccess t&Rows 3and 9,
as well as tdRows 4, 5, 7and 8. The primarpbservation madéuring thissurveydealt with the generation of a large
number of thin (0.1 um thick) aluminum-foil contaminants (primarily from Tray F09). These foil flalare found floating
in the air of the O&C building and, later, became a major source of contamination in SAEF II.

Bolt, Clamp, Shims and Experiment-Tray Flanges/Lips Inspections and Bolt-Orientation Survey

Preceding LDEF deintegration in SABHF, the M&D SIG conduct an inspection dll bolts, clamps, shims and
experiment-tray flanges to identify impact-related features which could be damaged by (1) experinoenetiagtallation,



(2) clampandexperiment tray removalnd(3) placing the experiment trays within the experiment-tray rotators. In addition,
the M&D SIG had planned toecord the orientation of those clarbplts that possessednpact-related features, but, at the
request of the.DEF Project Office this effort was expanded to inclugsery clamp-and thermal-pandbolt onthe entire
spacecratt.

On February 5, 1990, ai&D SIG member crawledinderneath thepacecraf(Row 6) toinspect the areas where the
jacks would be placed to lithe spacecraft into its rotatable configuratiofhis wasthe first opportunity tosiew Row 6 at
close range, and no unusual features were observed.

Several pieces dfardwarewere removed fronthe spacecrafprior to the first detailed&D SIG surveys. These pieces
included the two Earth-end trunnion-pin scuff plates, the Earth-end walkingdrahinunnion pins, and thermal panels G19
and H19. In addition, the layered thermal blankets of MOD81 Bays HO3 and H12) were removed or taped dowtihéyPI
so thatLDEF could be rotated without causifigther damage to these surfacétowever,all of these items were examined
prior to or following their removal.

The firstsystematic survey was conducted one row titna over the three-day period dfebruary 20-23, 1990, by two
teams, each consisting of a person scanmging measuringwhile the other recorded thgata. The bolt-orientation
information and other dataere recorded on speciallyepareday maps. After labeling thbay maps, the orientation of all
clamp bolts was recorded. Nettte clamps, clampolts andtray flanges wer@xamined for impact-related features which
could be damageduring tray deintegratiorand, iffound,their locations were recorded. Lastlysmall sectionvas cut out
of each tray-cover gasket in those plattes would have coménto contact with these particular features; the actual gasket
cutting took place inthe outer air-lock of SAEF 11.Only a small section dhe gasketvas removedi., inner, central or
outer) scothat thegasket couldstill seal against the tray flanges. Once the gaskstrimmed andcleaned, theover was
attached to the appropriate tray by Ground Operations personnel. During tray removal, Ground Operations personnel
consulted thesbay maps to determine if specitdols orhandlingprocedures wereequired. The originabay maps now
reside in the Curatorial Facility at JSC.

General Experiment Tray Front- and Backside Survey

The M&D SIG performed several inspections alf experimentrays. The firstwas conducted while each experiment
tray was suspended from an overhead crane and concentrated on impact-relatedHattordd be damaged by placing the
tray in a rotator stand. The froandback ofthe tray flangesvere searched for impact-related featueg,( craterspulges,
spallationeffects); if foundsuch features were photodocumentefbreplacing the tray in the rotator. In addition, theck
surface ofthe traywas examined foaunusual features(g, spallation, outgassing stains, discoloratioBurveyresultswere
entered in logbooks which now reside in the JSC Curatorial Facility.

Following this suwey, the trays(except forthe S0001syere placed in one dhe Langley Research Center (LaRC) or
JSC rotators foexamination, photographic documentatiemd ultimate instrument deintegratioffrays wereheld in the
rotators either bywo pairs of aluminum angles squeezing the side tray flafigggRC rotators), or by claspirthe flanges
between six sets of aluminum plates (JSC rotators).

Detailed Experiment Tray Inspection

The M&D SIG set-upthreework stations in SAEF |l to condutheir detailed examinatioand documentation of all
LDEF hardware. Each stationwas equippedvith a Coordinate RegistratioBystem (CRS), a Stereo-Microscolpeaging
System (SMISknd acomplete computer system. Stations/Systeraadl 2were usedrimarily for documentation aéntire
experiment trays, while Station/System 3 was used mostly to document miscellaneous hardwbodtg, clamps, reflectors,
walking beam, scuff plates).

Suspected impact featurdgat met the minimum size requirements, or smaigaturesthat exhibited somenteresting
characteristic €.g, associated debris) were visually identified the experiment tray osubcomponent surfacend their



coordinates determined. Impact-feature coordinatere recorded td1l) assure thebility to relocate featureand (2)
document location information which would permit plotting and analyses.



The Coordinate System

With the exception of afew miscellaneous pieces tfardware €.g, walking beamgscuff plates), all X-, Y-and Z-
coordinates were measuréd millimeters) in a Cartesian coordinaggstem from astandard (0,0)eference pointhat was
assigned by the M&D SIG. Unusually shaped hardware assignednique (0,0) reference poirtisat arefully described by
Seeet al (1). For such components a Cartesigid was partially abandoned in favor of a maygpropriatesystem €.g, a
radial Y- and a linear X-coordinate).

The location of the (0,0eference point for experiment trayss defined to bthelower-left corner athe intersection of
the left andbottom tray flanges. Fall butfew trays, a physical referenceark was placed otthe bottom ofthe left flange
where the flangeurved 90 to form the inner-flange wall. For smaibcomponentse(g, clamps, boltsand shims) no
physical marks were made on the hardware since their positions relative to (0,0) are readily reconstructible.

The M&D SIG standard orientatiofor each component the orientation ippossessed dhe time of deintegratiofrom
the spacecraft. For Bays A01-F12 the "up" direction, or top flange (facing the spacecraft with the Earth-end to thadeft and t
space-end to the right), was the long flange closest to théomeedt rownumber on LDEF. Similarly, the top flange of each
Earth- andspace-end tray was definedths flangethatwas atthe top of the tray as was positioned fodeintegration from
LDEF.

Coordinate Registration Systenthree electronic coordinate registratieystems were fabricated from electrohiear
spars(Mitutoyo AT11N)that hadbeen mated to high-precisiatiding tracks normally used adrafting tablegVemco V-
track 630), anditted with adjustable-height spottecopes. The upperand lower lenses ofhe scopes were etcheslith a
crosshair and 1.0 muwircle, respectively, which helped minimize parallax errors by allowing the crosshairs todb@bly
positioned in the center of the circle. The signals from the electronicweparsisplayed on digital readoutunit (DRO;
Mitutoyo ALC-EC). Each CRS wasaired with one of the thrdeaRC rotators.CRS precision was measured to be £0.2 mm
over a 100 cm distance, while the overall accuracy was determined to be within £0.5 mm.

Manual Coordinate Registration Systentsxperiment trays that arrived in the M&D SIG area on a JSC rotator could not
usethe CRS due tahe rotator's tubular-frame design. In addition,30001 trays (except BO8) were documented in the
horizontal position on either a workbench or rollable table, precluding the use of a CRS. In suandasestheinstances
(e.g, on small subcomponengd on theframe), a metric tape measure or scabs used fordetermination of feature
coordinates. The relative accuracy of manually determined coordinates was approximately +Zmail ftsmponents. On
large and/oicomplex surfaces (like amregular thermal blanket), the relatiaecuracy of manually determined coordinates
varied. The overall average l®lieved to have been #Hm. This highervalue is due to (1}he reproducibility of
measurements using the tape measure or scale, (2) the requirement of no physical conltB&ERnviirfacesand (3) the
different personnel who participated in the documentation efforts.

Surveying Procedures

As a tray entered the M&D SIG area, it was moved to the first available station (generally System 1 or 2) and the tray was
cover removed bground Operation personnel. @RS wasattached to those trays mounted on an LaRC rotator by affixing
the X- and Y-scales to the rotator.

Surveying was generally conducted by two-person teams (one suraeydoge recording the information inlagbook).
First, a (0,0) reference mark was placed on the tray flangaljeee)and, if aCRS was usedhe spottescope was moved to
the (0,0)referencemark and the X- an&-LEDs of the DRO zeroed. Next, the coordinates of any fiducial marks on the
component surface were recorded. On A0178 thermal blankets, a cross (+) was marked amthmottpn of each blanket
third and theipositions recorded. In addition, on thes®a several other trayshe coordinates of the left, centend right
tray-cover bolt holes on the top and bottom tray flanges were determined and recorded.



Actual documentation of impact features occurredwia discrete steps: first, by naked-eye inspectonl second, by
detailed microscopeharacterization. The operational goals of theedadye inspection wer@l) to identify all impacts
visually detectable to obtaitheir cumulative number, (2) to identify candidate features for detailed documentiagion (
craters 20.5 mm and penetrations 0.3 mm in diameter) and record their exact locations, and (3) to identify/record any unusua
featuresthat would deserve specialktention or documentation. Feature diameterse conservatively estimateiring the
naked-eye inspection to assuhat all features meeting the established size criteeee ascertained. Featurésat did not
unguestionably fall into eithehe "too small" or "to-be-documented" categorigsre entered ithe logbook as'borderline”.
Further sorting of these latter features was made via the detailed microscope examination.

After surveyingthe entire tray, th&MIS was brought in for detaileeikamination and diameter determination of all
indexed features. |If the featurgas determined to be of sufficient size, or exhibitme particularly interesting
characteristics, it was documenteddnguiring a digitized stereo-imageir of theobject. Each imagevas combined with
alphanumeric identifierand othercommentsthat were entered via a portable computerg( bay location, experiment
number, component number, the X,Y-coordinates, magnification, rotator number, optical-disk namberp to 130
characters of commentand stored ontwo separate laseWORM (Write Once, Read Many) drivesThis redundancy was
undertaken to assure that no data would be lost due to the failure of a storage drive, or as a result of damage to a disk.

Following photodocumentatiathe traywas released ihe M&D SIG and thetray cover replaced bground Operations
personnel. All sixteen A0178 trays and the Seeds in Space tray (P0004/P000@twerd latefor trisecting, removal and
packaging of the thermal blankdtee below).The originalsurvey recordainddigitized image filesarenow located in the
CuratorialFacility at JSC.The images are currently being analyfeddepth-andmore accurate diameter informatisee
below).

Thermal Panel Inspection and Bolt Orientation Survey

The second on-spacecraft inspectiwas conducted oMarch 29, 1990, tadentify impact-related features found on
thermal panelsreflectors,and thermal-pandbolts that could be damaged by its removal. Similatlye orientation of all
bolts securing this hardware was documented using the procedures described earlier.

Detailed LDEF Frame Survey

The final on-spacecraft inspectiomas carried outbetweenApril 2-11, 1990, following the removal ofall of the
experiment trayand thermal panels. Thmirpose othis survey was to identifiand photodocument impact-related features
on the longeronandintercostals of th& DEF frame. During this particulasurveyall otheractivities within SAEF llhad to
cease, becausealking on the cemerftoor was often sufficient to induce unacceptable vibrations the SMIS that were
located on a flat-bedrailer. Thereforesurveyingand photodocumentation of the frame required dedicated operations
betweerb:00 pm and 3:00 am. Balimore (.e., rollable scaffoldingand the Groun@perations deintegration platform had
to used to document features on the space- and Earth-end, respectively.

As a result of thelifference inlengthbetweerthe 9.1 mLDEF spacecrafand theapproximatelyé m flat-bedtrailer, the
framesurvey was conducted three phases. During phaseeBaysA-F were completelscanned (including the interior of
frame componentsand thecoordinates of applicable features recordédbwever, only Bay<C-F and part of theBay B
longeron could be photodocumented. As a result of the approxindately vertical motion limits of the SMIS dhe trailer,
LDEF had to berotated approximately 25on LATS in order tocompletely photodocument aentire bay. Once
photodocumentation ohll accessible features was completéde trailer was rolled forward topermit phase two
photodocumentation of themainingfeatures inBays Aand B. Phase thre@volved scanning anghotodocumenting the
space- and Earth-ends of LDEF.

Coordinates for documented features wagtermined with a metric tape measure from the coovatéd directly behind
the experiment-tray (0,0eference point. Craters <0.5 mm in diameatere not photodocumented unless theras some
interesting characteristic associated with feature€.g, secondaries, debris), hilteir cumulative numbers were counted as
in the tray operations described above.
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Detailed Thermal Panel Survey

The detailedsurveyand photodocumentation of thhermal panelsverecarried out on several workbenchéeEhe (0,0)
reference pointvas assigned tthe lower leftmost corner oangle of each panel. Coordinafes features identifiedluring
the initial survey weredetermined with &CRS that hadbeen attached to each workbench, witile coordinates of any
features addeduring the detailednicroscopic examinatiowere measuredith a metric tape measure. A positi¥evalue
was assigned to featuressiding on the smatbw-facingstrip of each panelHorizontally configured microscopes (Systems
1 and 2)were utilized to photodocumerthe space-and Earth-facingcomponents of each panel, whiigstem 3 (vertically
configured) was alternated between stations to document the row-facing strips.

The detailed examination of the thermal pamelgealedthe apparent bimodal distribution sbme highly oblique,
extended tear-drop shaped features (Fi@ie suchfeatures were common dhe black Earth-end thermal panelgut were
apparently absent atheir space-facing counterparts. These featwere found on boththe Earth-facing andow-facing
components of about 75% tfe Earth-end panels, appearing as little ntben scratches in thélack panels, butvere
determined to be impact-related following SMIS examination. No dominant directionality was noted for these features. A re-
examination of one space-end thermal panel atdngley Research Centdid not reveal the presencesimilar features on
that particular panelHowever, adetailed microscopic scan of several spacetbadnal panels is beingpnducted at LaRC
in search of these highly-oblique features.

IMAGING PROCEDURES
Description of Equipment

EachSMIS consisted of a Wild Leitz M8 stereo-microschpeywith four click-stop magnifications (6X, 12X, 25X and
50X) and could be fitted with one of fouobjectivelenses (350mm, 0.4X, 1.0Xand 1.6X). Abeam splittewas placed
betweerthe M8bodyand thebinoculareyepiecesvhich directed 50% of the incomirigiht to theeyepiecesand50% to the
CCD (or 35-mm) cameraystems. Attached to both sidestioé beam splittetwere Cine/TV tubes, on each of which was
attached a custom camera adapter housingyapiece(10X, 20X, or 32X). These adaptensre specially designed to
interface with either the Nikon F3-HP 35-mm cameras or the Sony XC-711 CCD video cameras.

lllumination was provided by a Volpinitralux 6000 Fiber Optic, Cold-Light llluminatorand transmitted to the
imaging/viewing area bfiber-optic cables. The light source was an Intralug000, 20-volt 150-watt tungstdight bulb.
Objects werelluminated by one of three fixtures: (1) @air of Volpi two-branch flexible "goosenecKight pipes with
focusing lenses (for directionahd long-distance lighting), (2) ®olpi ringlight (for 360’ uniform lighting) or (3) aVolpi
"Hydra" light-pipe system (four directional and distance-adjustable lights).

The microscope/camesystem wasittached to a microscoparrier thatwas connected to a fullgrticulated floor-stand.
The floor standconsisted of a rolling/lockable basgéth an approximatelyl.2 m tall centempost, on top of which was
mounted a hydraulic counter-balanced, vertical mogind stability arm (L0.9 m long) whichcould be rotated 360n the
horizontal plane at both ends. Connected to the counter-baamosas an approximatel$0.5 cm long pin-stopped arm
that permitted rotation to six preset positions’(B, 45, 90, 180 and 270) in the vertical plane. Attached to the pin-stop
arm was another 36@otation joint,followed byanother pin-storm. This finalpin-stoparmwas affixed tcthe microscope
carrier whichcould be rotated about 236orizontally around the pin-stagrm. The integratedystem provided complete
mobility andpermitted themicroscope to be moved to virtually any positiomeaights rangingrom approximatel\0.8 to 2.1
m.

CCD output wagarried by standarBNC cables tahe computesystem fordigitization and datatorage. Theomputer
system consisted of &MEC Portable Powermate 386 SX compui@ntaining Data Translations DT28ahdDT2869 frame
grabber/digitizing ancencoder/multiplexer board, respectivebnd aStorage Dimensions WORM-drive controller board.
Images were displayed otwo Javelin CVM-13A video monitors and stored ontwo Storage Dimension$1AXTOR
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LSB00AT-E External LasaWORM drivesusing Maxtor 5.25" (13.3 cm) OC-800 optical-disk cartridges (@e@abytes per
side)that holdapproximately490 images per side. Theft CCD cameravas fed directlyinto the encoder/multiplexehat
passedhe signal to the digitizing board, from which the digitized imamgs fed backhrough the encoder/multiplexer to the
left monitor. Theright camera signakassplit between twdines, with one line interfacing with the encoder/multiplexer and
the otherfeeding directly intahe right monitor ie., the right monitoralways displayed a "livelmage). Digitized images
(left or right) were always displayed on the left monitor.

Lockheed personnalevelopedthe software used to controhe integrated SMISand permitted the operator to input
various information€.g, baylocation, componertype andnumber) for each featurelhis software also interfacedith the
digitizer/frame-grabber softwaf@urora Library SP0225CNandWORM drives to provide user-friendlyperations through
a single, menu-driven packagd3ased orthe bay location and thecomponent typethe softwareassign a unique feature
number (inascending order) to each image pair. The insde (left orright), componentype and numberfeature number
and bay location were used to create the file names for each image. For eitzamiightimage of an integrated experiment
tray's (component EOQhird feature (0003) fronBay D08 would be giverihe file name of "RE000003.D08", while theft
image would be assigned "LE000003.D08". All us@ut, plus thdile namewas added as single identification line, along
with the WORM disk numberand side (A or B), at thebottom ofthe digitized image. Additionallyfwo 65-character
comment lines were added below the identification line.

Description of Operations

SMISimaging began on February 4, 198@dwas conducted in one oo modeshorizontal or vertical. The vertical
mode (Systems and 2)was used foimaging experimentrays on the rotatorandfor documentinghe LDEF frame, while
the horizontal mode (System 3) was utilized during documentation of certain experimeridigyslamps, shimandother
hardware on workbenches. During the frame sur8ggtems 2&nd 3were used irthe vertical configuration, whil8ystem 1
was used in the horizontal mode to image the thermal panels and associated hardware. All operations were performed in suc
a manner as to ensure that multiple backups were made of all collected data to minimize the possibility of data loss.

Alignment Procedures

Analysis of stereo-images is possible only after the left and right images are merged into a single 3-dimiemsiohal
ensure that the images could be later processed to yieldataptiameter information, thmicroscope/cameras weaéigned
daily in an effort to simplifthe process of imageegistration. Such alignmemtas necessary to assure {fi¢ microscope
lenswas parallel to the imaged surface, (2) the camavase inthe same orientatiorand (3) the displayed images had
similar horizontal and vertical centering.

Using a sheet of metrigraph paper (with &ducial arrow) theSMIS alignmentwas checked foparallelism (using a
metric scaleland themicroscope focused die arrow at thédowestmagnification. The directional alignmewas checked
with the arrow. Next, thenicroscope washanged to the highest magnificatiand refocusedthe magnificationwasthen
loweredthrough the otheclick-stop positions to ensuthat theimagestayed in focus.Finally, the images on the monitors
were compared fanorizontal andvertical alignment. If eithewasoff by morethan0.5 mm, the Cine/T\Mubeshad to be
realigned. Once alignment was achieved, the SMIS was considered operational. All threec8MiBecked daily, @very
time a SMIS was changed from vertical to horizontal mode and vise versa.

Imaging Procedures

Imaging procedures varied slightly betwetire different scanning locatioifse., experiment-tray rotators, workbenches
and theLDEF structure). The standard configuratiofor a SMIS utilizedthe 1.0X objectivelens, 10Xeyepieces in the
camera paths, 20¥yepieces irthe binoculatubeand thegoosenecHkight-pipes. In general, imagingas conducted at the
highest magnificationhat permitted the entire feature temain within the camerafgeld of view. Imagingwas normally
performed by two-person teams with one individual operating the microscope, while the other operated the ddesjuger.
increasing efficiency, this provided verification of all informatamd datacollected,ensuring that erronaere rapidly spotted
and corrected.
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Experiment-Tray Rotator OperationsAs wasthe case with surveyingmagingwas performed irthree zoneghigh,
middle andlow) for traysmounted in the various rotators. After fhéial survey was completethe featureshat hadbeen
identified wereexamined by the SMIS. If the feature diameter met the established criteria, or exdobiEdteresting or
unusual characteristics, a pair of stereo images was acquilieigatures in the upper zorveould be checkednd imaged, if
necessary, followed by those the middleand lower zones, respectively. If a feature was judgedetjuired 35-mm
photodocumentation, the feature numbs noted irthe logbook. Afterall videoimagingwas completedhe SMIS was
reconfigured for 35-mm camera operations by remotliegCCDsand installing the 35-mmameras. Following rotational
alignment of the cameramndfocusing, pictures wertaken by usingable releases (tminimize vibrations) to activate the
shutter mechanisms.

Workbench Operations.Procedures for workbench operations wairailar to experiment-tray rotator operations, but
were performedvith the SMIS in the horizontal configuration. When experiment trhgsl to bamaged on thevorkbench
(primarily the S0001 experiment trays), the binocelgpieces werearely used to preveihe operator from having to lean
over the tray.

LDEF Structural Frame Operations Surveyingand imaging of thérame began wittiRow 5. System 2 was used for
imaging Bays A-C, while System 3 was utilized for Bays D-F. Generally, all features on the longeron of a particutae row
imaged first. Next, thenicroscope was rotated15’) so that itwasparallel to the upper portion of the intercostatel the
indexed features imaged. LDBfasthen rotated so thewer portion ofthe intercostalgould be accesseaind imaged.

LDEF wasagain rotated to bring the next longeron into position, nteroscopes were repositioned to f&rallel, and
surveyingand imaging of the nexbpw began. This process was repeated falf 12 rows of LDEF. The two ends(Bays G

and H) were imaged using similar procedures with System 3 documenting the space-end (Bay H), while System 2 was used fo
documentation of the Earth-facing end.

Shut-down Procedures

At the end of eaclday's operationghe SMIS were movednto theM&D SIG area,powered-downall BNC and power
cables werainpluggedand themicroscope was positioned ¢ime floor-standor overnight storage The daily "all.img" and
"all.com" files were downloaded to 3-1/8bppy disks (for post-processingnd thecomputers wereéurnedoff. Finally, if
experiment traysvere toremain in theM&D SIG area overnight, Ground Operations persomvmlld install the traycovers
to protect the experimental surfaces.

Daily File-Processing Procedures

One of thefloppy disks with thedownloaded files was removed from SAEF Il for processifge files were copied to a
Bernoulli and an internal hardisk for processingind back-up. Eaclsystem's'all.img" file was loadedand the highest
feature number from each componeapiedinto a "master” file. Whegompleted forall three imagdiles, the mastefile
was copied to a nevall.img" file for uploadingduring the next morning's start-up operations. Tust-processing was
necessary to ensutbat all threesystemsstarted eaclday with the same feature numbefiw all trays, and provided an
additional back-up of all data to be kept outside of SAEF II.
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KSC THERMAL BLANKET PROCESSING
Background

The 17 Scheldahl thermal blankgiovided a large, uniforrmeteoroid-detector randomly spaced around LDafy
Rows 3, 9and 12 did not contaione of these blankets. The blanketsvidedthermal insulation to the sixteen AO1#8ys
and one P0004/P0006 experiment. TRKD SIG was also responsible fdrisecting, removingand packaging all 17
blankets. Thdeft 1/3 of each A0178 blanket remainedii® U.S.and isnow archived at JSC, whitbe remaining 2/3vere
returned to the European Space Technology Center (ESTEC) in The Netherlands. The entire PO004/POOEai|&0Ret
resides at JSC.

Thermal Blanket Boxes

Lockheed personnel at JSC desigaad constructed about 6ermal blankeboxes (TBB) toprotectand transport the
trisected blankets from KSC. Details of the maternimlsd inthe construction of thesg#evices is beyonthe scope ofthis
report and can b®und in Seeet al. (1). However,the main thrusts behind theiesign were to protethe blankets during
transport and to utilize the flightelcro in securingand transporting thélankets. Following assembly, eaéBB was
cleaned, packaged in a vacuum-sealed polyethylenadglaced intospecially designedvoodencrates forshipment to
KSC.

Processing Procedures
Thermal Blanket Processing

Processing of ththermal blanketonsisted of six steps: (IBB preparation, (2surveyand preparation(3) trisection,
(4) removal and placement into the TBB, (5) photography and (6) final sealing, packaging and shipping.

TBB Preparation. Theempty TBBs were delivered to KS@side vacuum-sealgablyethylene bagsThe lexan top was
removed to preparthe adjustablealuminum angl€or blanketattachment. Threaded nylon rodsreinserted through the
holes in the outer aluminum frame, lexstandoffsand anadjustablealuminum angle inside thEBB, andsecured in place
with nylon nuts and washers.

Survey and PreparationFirst, the 2.5 cnpiece ofthe thermal blankethatwas folded betweetihe experiment-trayvall
and the experiment canistevas unfolded to expoghe entire blanket. The blankeastheninspected to determine thest
places to cut the blanket, avoiding penetration features or their associated delamination zones.

Trisection. The outline of the velcro that attached the blanket to the tray-support freasassed as eutting guide. An
incision was madéhrough the middle of theelcro suchthat velcro was on both sides tie trisectecpiece of blanket to
facilitate its attachment in thEBB. The incisionwas slowlyextended through the blankattil the bottom was reached. If
and when an impact featureras found inthe path of the incision, ivas skirted to preservihe featureand associated
delamination zone, if present. The entire blanket remained on the experiment tray whikedhe sut was made.
Throughout trisecting operations, the A-Teabhservedhat theleading-edge blankets tended tothaner andeasier to cut
than their trailing-edge counterparts.

Grounding straps from 11 of the A0178 experiments (A02, A04, A10, B0O5, BO7, C05, C08, C11, DGdHAmM)
were committed tahe Materials SIG. The strapgere detached byutting a semicircle approximateh.2 cm in diameter
around the point where the strap attached to the blanket.

Removal and Placement in the TBBollowing trisection, the lefthird was removed first bglowly separating thgelcro
on the blanket from theelcro onthe support frame. The blankeasthenplaced in thelTBB and held inplace by matching
the blanketvelcro with the new pieceghat hadbeen attached tthe aluminum angles in theox. Afterthe blanket was
secured to both sides of the TBB, tension was applied by adjusting the position of aluminum angle along the nylon rods. After
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all blanketpieces were removed frothe tray, the tray interiowas surveyed focraters and/or debris. When encountered,
such features were photographed with the SMIS.

From every U.S. portion an approximatély.2-cm wide strip was removed from one andgiven to the Materials SIG.
Carewastaken to determine which end to cut in order to sacrtfiesfewestimpact features. Prior to removall impact
features in the strip were counted and the information recorded in the logbook.

After the Materials SIG specimen was remowvée, lexan topvas securethto positionandKapton tape was placexver
the screws to prevent damage to the polyethylene bags. The bay location, experiment number, blanket andiviatdet
fraction was written on the lower right-hand corner of the lexan top.

Photography Front- ancback-surface photographs thie blanketsecured irthe TBB weretaken (from_2 m) with a
35-mm Nikon camera. Back-surface photographs used backlightiiigrtonate the penetrations (whiclere counted)
through the blanket.

Final Packaging and Shipping TBBs were placed in pre-cleaned polyethylene lzangk heasealed, leaving only one
small opening. A dry-nitrogen flush was performed for approximatedyminutes,following which a vacuum was pulled on
the bag,and thebag heat-sealed. Thmgged TBB was placeidto a secongolyethylene bagind vacuum sealed. The
doublyencapsulated TBBs wetbenplaced vertically into apecially designed (foam-lined)oodenshipping cratdfive to a
crate).

JSC ACTIVITIES

Stereo Image Processing

During the three month deintegration of LDEF, the M&D SIG generated approximately 5000 pairs ofcdilgitadtereo
images of impact-related features from all space exposed surfaoe®ntly these images are bejpgcessed at JSC to yield
more accurate feature informatioavd, the diameter of the crater at the original target surface). In addition, feetoyes
possessedtructures €.g, ring diameters associated with A0178 blanket penetratitireg) lendthemselves to analysis by
standard image-processing techniques. In order to retrieve depth, deijttametemeasurements of the features, it is
necessary to combirtee image pairs tproduce a three-dimensional representatiothefimagedbjects. This merging of
images is accomplished by determining the pixel locations of various tiepointpg¢ints in commorbetweenthe left and
right images). Selection of these tiepoints is currently underwathenJSC VideoDigital Analysis Systems (VDAS)
Laboratory.

The Stereo Images

Parallax isexploited in determining aonbject'sdistance with stereo photograhyrarallax isdefined asthe apparent
change in the position of asbjectresulting from the change in the direction or position from which viegred. Objects
closer tothe viewer (or camera) display a great@ngular displacemehanmore distanbbjects aghe viewpoint changes,
and it is thisphenomenon which permits the determination of relativeasolute) distance. Normauman (andmost
animal) eyesight is designed to make usepafallax through binocular visionHaving two eyesallows us to obtain images
from two sources abnce,andour brain permits us to integrate thés® imagesand extract distance information from the
inherent parallax. The LDEF imagery has been gathered in much the same way as would be by the human eyes.

Each image gathered by tM&D SIG wasquantized into a digitadopy of512 samples by 512 lines, resulting in a total
of 262,144 "pixels" (picture elements) per image. Each pixel contains a red, aagceablue band of information, with
each band able to contain any one of 256 intensity levElus, the three bandombined enable a total of 16,777,216
discrete possible colorsCurrentstudies underway to defirthe impact relategeometries do not currently makse of the
color information contained ithe imagery, but the presence of the data permits the fusgreof multi-spectral analysis
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techniques to pursue materials studies. The digital images can be thought of as a grid contairfrgo&fidns
(horizontal), and12 Y-positions (vertical)and each pixel position within the imageay then bereferred to by its own
unique pair of coordinates.

The Image Analysis

Figure 3 is a simplified diagram of tlgeometry involved ircalculating the height of a poitased orthe parallax
observed in gair ofbinocular images. The paramet®¥sl, Dist, andf remain constaribr a datacollection systenand can
be determined empirically using calibrated features, (©Objects of &known heightand depth). The height ebch point of
interest (POI) ighencalculated based dhe difference in X position betwedhetwo views. NotghatFigure 3 has the POI
projected ontdhe center of théeld of view
on the right camera for simplicity.

In practice, matching data points
(tiepoints) areselected by an analyst from
each of the imagef®r several points on the
original targetsurface sothat corrections
may be made for differencasetween the
system focalplane and the targedurface
(i.e., rotationsand offsets). Next, tiepoints
for impact-related featuremre selected, and .
heightsfor each pointare calculated with No Flgure
respect tahe original target surfaceWork
is currently underway fousing a minimal
number of data points to parametrically
define impact-crater morphologies in order
to minimize the man-hour intensive task of
tiepoint selection. Early attempts to
automate the tiepoint selection were
unsuccessful, and further attempts hbgen
postponedintil a fully functional interactive
system has been be completed.

Two-dimensional analysis of non-relief
type features(such as the aforementioned
ring diameters associated with A0178
blanket penetrations) arealso under
development. This analysis makesse of
conventional image-analysis techniques
such as Laplacian edge detectors tg
accurately define twalimensional impact-
related features.

Figure 3. lllustration depictinghe geometric relationships involved in the extracting of dist@nce
(i.e., depth, height and diamter) informaation from stereo photographs.

Data Acquisition and Curation

Spacecrafand experimental surfaces acquired thee M&D SIG during theKSC deintegration activitieare presently
being scanned for additional crateasd penetrations smallethan 0.5 and 0.3 mmrespectively. Thesdata arebeing
incorporated into thdeteoroid & Debris databagbat isbeing managed by th#&C Curatorial Facility. Additionally, the
CuratorialFacility is handling the distribution of acquiredEF materials to interesteghd quéified investigators. Persons
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desiring tostudy these surfaces should conthet JSC LDEF Materials Curator (Mik&olensky)with a formal written
request outlining the materials desired and the type of investigations planned.

FOILS Laboratory

Scanning of acquiredurfaces is being carried out tine Facility for the Optical Inspection of LargBurfaces (FOILS)
Laboratory at JSC, which was originally establishegdomit scanning of Solar Maximuind Palapa hardware returned
from earlier satellitaepair andrecoveryshuttle flights. Thdaboratory is in a Class 1000 clean rotimt containsSMIS
System 3,which hasbeen mated to a motorized X-Y comparator/scanning talleftware waswritten to control the
scanning-table motors to permit detailed microscopic scanning of the desired surface in a systematic fashion.

A component is first placed on the scanning talld alignedsuchthat thepositive X-andY-directions correspond to
the same axes asere assignediuring theKSC Detailed Experiment Inspection discussedlier. Next, the same (0,0)
reference point iemployed, othe necessary offset tthe original (0,0) point is input to theystemsuchthat (1) all newly
documented featureme assigned to locatioffdm the same coordinagystem used at KS&nd(2) no features documented
at KSCarecounted a second time at JSC. Otfmesystem isnitialized with thenecessary informatiorthe operator scans
the surface by watchingideo monitors or by looking dowthe binoculareyepieces ofhe microscope. Generallyhe latter
techniques is employed as the 34Bw aids in the identification of smaller (<1@@n) features. When a feature is found, the
operator stopthe scanning tabland documents the feature by examining it undeyh magnification, looking for unusual
characteristics or possible projectile residues, recortliergcoordinates, measurirand recording its diameter, recording
other information€.g, material type, feature type), and assigning a feature number. If a feature is encountered that may have
been documented previously at KSke operatousesthe feature's coordinatesid diameter tdetermine if it alreadias an
assigned feature number. Ifdbes,the operator caoverride thenew computer-assigned numtsrd manally input the
original feature number should there be a need to redocument the featamg reasond.g, verify diameter information, re-
photograph). However, in general, stereo-image pairs are acquired only if the oplesatees possible projectile residues or
some unusual characteristic associated witte feature. Following documentation of a featur¢he scanningtable
automatically returns to thepot wherahe operator halted scanning operatiansresumes the scan frothat point. After
an entire view width (video or microscope) is scanned along the entire X-axis, the Y-axis is increased by approx@nohtely
a view width, and the component is scanned in the negative X-direction; the approxf&tebywerlap assureébat noareas
are missed in the scanning process. This process is repeated until the entire component has been microscopically examined.

Database

Once a componertas been completelyscanned, thdile containing all acquired information is transferred to the
Curatorial VAX computerand incorporated into thdi&D SIG database. Presentlfhe database contains information on
approximately8,000 individual impact features.€.,, approximately5,000 documented at KS@nd approximately3,000
added from theJSC FOILS Lab). Investigatobtaining meteoroidand debris informationthat can bencluded in the
database should send the damaboth ASClland writtenformats) to theJSC Curatorial Facility, attention Claire Dardano.
Access tahe M&D SIG databasean beaccomplished by either tH&PAN Network or modem. Irither case, &erminal
emulator must be used that is compatible with DEC computers; the preferred emulation mode is VT100.
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To access the M&D SIG database

SPAN MODEM
1) Log onto your host computer. 1) Dial (713) 483-2500 or (713) 483-2501.
2) TypeSET HOST 9300at the system prompt. 2) PresxCR> three (3) times.
3) TypePMPUBLIC at theUsernameprompt. 3) TypeSN_VAX at theEnter Numberprompt.

4) PresxCR> three (3) times.
NOTE: Your system manager may add node CURATE to  5) TypeJ31at the prompt.

the DECNET database gmour host computer; th&€PAN 6) TypePUBLIC at theEnter Username>prompt.
node number is 9.84You maythenaccess CURATE by 7) TypeC CURATE at theXyplex>prompt.
typing SET HOST CURATE instead ofSET HOST 8) TypePMPUBLIC at theUsernameprompt.
9300

For problems or additional database information contact Claire Dardano at (713) 483-5329 [FTS 52ku53@9jormal
business hours.
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