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FOREWORD 

Mneteen hundred and ninety-two has been designated as the International Space Year 
(ISY) and is the 500th Anniversary of Christopher Columbus's dwovery of the New 
World. It is also the 75th Anniversary of the Langley Research Center, the home cf 
the Long Duration Exposure Facility (LDEF). In addition, 1992 marks the second 
anniversary of the retrieval of LDEF and the 5rst annivcrssry of the First Post-Retrieval 
Symposium. The LDEF principal investigators, co-investigators, and collaborating 
investigators have had an additional 12 months to malyx and interpret the data from 
LDEF's 57 onboard experiments and to come to a better understanding of the space 
environment (ionizing rildiation, meteoroids, sp:ce debris and atomic oxygen in the 
upper atmosphere) and tk effects of prolonged exposure in this environment on futilre 
spacecraft such as large lowearth orbit (LEO) platforms. earth- orbiting spacecraft, and 
on future manned and unmanned spacecraft to the Moon and to other planets. 

l+le results of the second year of LDEF studies will be addressed at the Second LDEF 
Post-Retrieval Symposium, to be held at the Town and Country Hotel, San Diego, 
California, June 1 to 5, 1992. This Symposium is co-sponsored by NASA Langley 
Research Center and the American Institute of Aeronautics and Astro~~autics. This 
volume contains the investigator prepared abstracts for the Seccmd Symposium. 
Registration. poster and display set-up. and the opening night reception will be held 
on Monday, June 1. Tuezday, June 2, will include invited revicw papers on ionizing 
radiation, meteoroids and debris, environmental effects on makids.  environmental 
effects on systems. and archiving the LDEF data. Papers on the LDEF mission and 
induced environments, as well as microgravity, will also he prewnted. Wednesday 
and Thursday, June 3 and 4, will include concurrent sessions on ionizing radiation, 
meteoroids and debris, space effects on materials and systems. On Friday, June 5, 
a session on the futux will bc held. The ful!-length papers will he prinkd in the fall 
of 1992, ir. a NASA conference publication. 

In June 193 1, o w  400 LDEF investigators and data users convened in Kissimmee, 
Florida for tb: First LDEF Post-Retrieval Symposium. The results of the First LDEF 
Post-Retrievd Symposium (a total of 130 papers) art: printed in a three-pan NASA 
conference publication, LDEF-69 Months in Snace: First LDEF Post-Rctrieval 
&,apsiuq. January 1992, (CP 3 1-34.) The LDEF Science Office plans to hold a third 
symposium in the spring of 1993. Additional information on these symposia may bz 
obtained by contacting: 

Arlene S. Levine 
LDEF Science Office M/S 403 
NASA h g l e y  Research Center 
Hampton, Virginia 23665-5225 

Telephone: 804 864-33 18 
Fax: 804 864-8094 
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ATl'ITUDE STABILITY OF WEF: REFINEMENT OF RESULTS 
FROM THE SILVER PINHOLE CAMERA 

P.N. Peters 
ES64, Space Science Laboratory 

NASA, Marshall Space Flight Center 
Huntsville, AL, 3581 2, USA 

Phone: 205/544-7728, Fax: 205/544-7754 

J. C. Gregory 
The University of Alabama in Huntsville 

Hunkville, AL 35859, USA 
Phone: 205/8956028, Fax: 205/895 6819 

We have described (4) a measurement of the angular offset and attitude stability of the J,DEF 
spacecraft using a simple pinhole camera device in the UAH experiment A01 14. This device uses a silver 
surface to record the impact zone of atmospheic atomic oxygen passing through a small pinhole on the 
front surface of the satellite. 'Ihe shape and size of this zone are well defined if the satellite veloci!y and gas 
temperature are known. The circular symmetry of the zone would be distorted by oscillation of the JJEF 
about its stable attitude, or by the effect of the co-rotation of tl.2 Earth's atmosphere for cases of satellites in 
nonequatorial orbits. The observed ellipticity ('1 of 1.05 with the major axis in the yaw direction is 
equivalent to an osci:lation cf 20.2 dt;g about the stable attitude. The uncertainty in that measurement was 
estimated at about 0.1 deg. 

A refined analjsis based on summing distributions of flux versus incidence anglc for a rarge 
number of orbital pos~:ions, and including a co-rotating atmosphere, indicates that the combined 
distributions produce a m u l t  consistent with the measured expsed spot. It is suggested that, within the 
precision of the measurements, no actual oscillation of the W E F  is required no produce :he results. Ths, 
the LDEF may have maintained a stable attitude to better than 0.1 deg, even under conditions of maximum 
aerodynamic perturbation when the silver oxygcn record was made. This error is some two orders of 
magnitude lowcr than the predicted uncertainty in yaw osciiiation ard may indicate that the pedict 
methodologies are too conservative. . 
1. J.C. Gregory and P.N. Peters, "Measurement of thc Passisre Attiludc Control performance of a 

Recovered Spacecraft" Jomal of Guidance. Control and Dvnamics, AIAA, Voi. 15, No. 1, Faa-Feb 
1992, pages ??2-284. 

PRECXDING PAW BLANK NOT FILMED 



LDEF MICROENVIRONMEm, OBSERVED IUD PREDICTED 

u- 
The Bm.ing Company 

Defense and S p  Group 
P. 0. Box 3999, MS 82-32 

Seattle, WA 98 124 
Phone: 206/773-8437; Fax: 206/773-4946 

Complex protmsions and surface indentations on spacecraft equipment alter exposwe 
erivironrnents by casting shadows, producing reflections and scattering Incident atomic oxygen 
flux and ultraviolet radiation. A computer model is being developed to predict these effects. The 
model accounts for any arbitrary shape, size, orientation, o i  :urvatun= of exposed objects. LDEF 
offers a unique opportunity to compare model predictions with observ3tions. 3 ~ -  this purpose a 
study is underway on twelve of LDEF's copper grounding straps. These straps were exposed at 
various angles from the ram vector during thc LDEF flight. Microenvironment variables include 
shadowing and reflections from clamps and fasteners, and varying exposue caused by bending 
of the straps. Strap measurements include optical properties, surface film mmjwsition by ESCA, 
and film thickness measurements by optical interference techniques. The features of the 
microenvironments model and the analytical methods used to examine the siraps are discussed. 
Data are pmented showing predicted micmm+onmental variations. 'Ihese variations are 
compared with observed point to point diffemnces in surface properties of the srmps. 



A GENERALIZED APPROACH TO THE THERMAL ANALYSIS OF THE LONG 
DURATION EXPOSURE FACILITY'S FLIGHT EXPERIMENTS. 

Thomas R. Samvair 
Lockheed Engineering & Science Co. 

Hampton, Va. 23666 
Phone: 804-766-9633, Fax 804-766-9601 

William M. Berrios 
NASA Langley Research Center 

MS 434 
Hampton, Va. 23665-5225 

804-864-8286 

ABSTRACT 

The generalizsd method used in the thermal analysis of the Long Duration Exposure 
Facility's (LDEF) flight experiments is presented. The approach consists of developing a 
mathematical lumped parameter node representation of the experiment; defining the 
source snd sink temperature boundary conditions; calculating the albedo, infrared, and 
solar orbital heating tluxes; a d  solving with a finite difference technique. The 
temperature predictions can be made either on a per orbit basis or for any length of 
mission time using a daily averaged calculated composite flux. The thermal analysis of 
the Ultra-Heavy-Cosmic Ray Experiment (UHCRE-A0178) is presented as an example 
of this approach. 



ENVIRONET: AN ON-LINE ENVIRONMENT DATA BASE FOR LDEF DATA 

Code 420 
NASA Goddard Space Flight C e n ~ r  

Greenbelt, MD 20771 
Phone: 30 11286-5690; Fax: 3011286-5 198 

ABSTRACT 

EnviroNET is an on-line, free-form data base intended to provide a centraiiiid depository 
for a wide range of technical information on environmentally induced interactions of use to Space 
Shuttle customers and spacecraft designers. It provides a user-friendly, menu-driven forrnat on 
ne~works that are connected globally and is available twenty-four hours a day - ev~ryday. The 
information updated regularly, includes expository text. tabular numerical data, chats and graphs, 
and rnodek. The system pools space data collected over the years by NASA, USAF, other 
government facilities, industry, universities, and the Eurqpan Soace Agency. The models accept 
parameter input from the user and calculate and display the derived values corresponding tc that 
input. In addition to the archive, interache graphics programs are also available on space debris, 
the neutral atmosphere, raeiation, magiletic field, and ionosphere. A user-friendly informative 
interface is standard for all the models with s pop-up window, help window with information on 
inputs, outputs and caveats. The system will eventually simplify mission analysis with analytical 
tools and deliver solution for computational intense gr~phical applications to da "What if. .. ' 
scenarios. A proposed plan for developing a repository of LDEF information for a user group 
concludes the presentation. 





STATUS OF LDEF IONIZING RADIATION 
MEASUREMENTS AND ANALYSIS 

T.A. Parnell 
NASA, Marshall Space Flight Center, AL 35812 

Phone: 205/544-7690, Fax: 205/544-7757 

ABSTRACT 

The LDEF-1 results from the particle astrophysics, 
radiation environments an3 dosimetry measuyements on 
LDEF-1 are summarized, including highlights from 
presentations at the Second Symposium. Progress in 
using LDEF dsta to improve radiation environment mc3els 
and calculation methods is reviewed. Radiation effects, 
or the lack thereof are discussed. Fut~re plans of the 
LDEF Ionizing Radiation Special Investigation Group are 
presented. 



SENSITIVITY OF LDEF FOIL ANALYSES USING ULTRA-LOW BACKGROUTJT) 
GERMANIUM V'S. LARGE NaI(T1) MULTIDIMENSIONAL SPECTROMEI'ERS 

James H. Reeves 
Richard J. Arthur 

Ronald L. Brodzinski 
Pacific Northwest Laboratory 
Richland, Washington 99352 

Phone: 5091376-2135, Fax: 5091376-2329 

Cobalt samples were analyzed for cosmic-ray induced "Co with both an ultra-low 
background germanium gamma-ray spectrometer zild with a large NaI(T1) 
multidimensional spectrometer utilizing electronic anticoincidence shielding. Alcminum 
samples were analyzed for 22Na. The results are presented along with the relative 
sensitivities and precisions afforded by the two methods. 



RADIOACTIVITIES INDUSTED IN SOhfE LDEF S-WPLES 

Robert C. Reedr asld Calvin E. hloss 
Space Science and Technology Division 

Los .4lamos National Laboratory 
Los Alamos. KM 87545 

Phone: 505/667-5446. -5066, Frx: 505/665-3332 
e-mail: reedyQessdp2.1rd.gov 

ABSTRACT 

Final activities are reported for gamma-rayemitting isotopes measured in 35 samples fro. 
LDEF. In 26 steel trunnion samples. activities of 54?rIn and "CO were measured and limits set 

- on other isotopes. In fii aluminum end support retainer plates and two aluminum keel plate 
samples, 22Na was .semued. In two titanium 2ip samples, *%a was measured. limits lor "SC 
were obtained, and high activities for impurity uranium and daughter isotopes were observed. 

Four sets of depth-versus-activity profiles were measured for the D sections of the trunrrion. 
For a l l  4 pmfilss, the activities first decreased with increasing distance from the surface of the 
trunnion but were fairly flat near the center. These profiles are consis tent with production by 
both the lo=-r-energy (-100 MeV) trapped particles and high-energy (-10 GeV) galactic-cosmic- 
ray particles. For the near-surface samp!es. the earth quadrant had more 54Mn than the space 
quadrant. For the D sections, there \\*as less 5"1n in the east trunnioa than in the west trunnion. 

Comparisons are made among our samples and with activities measured by others. The 
limit for 16Sc in the t i t h u m  clins is compared with the activities of 54Mn produced in the 
steel pieces by ~imilar reactions. Activities predicted by several models are c~mpared with the 
measned activ: .AS. 



A PHOTON-PHREAK DIGS THE LDEF HAPPENING - J 

.! - 
z i 

Alan R. Smith and Dcma L. Hurley 
Engineering Divisic 

Lawrence Pekelev L;lhoratory 
Berkeley. CA 94720 
Phone: 5 1Qt486-5679 

Extension of the Long Duration Ek,wsure Facility (LDW voyage to nearly 6 years proved 
a bonanza to most on-board experiments. This has been especially ime for investigators of the 
gamma-emitting induced radioactivities in hc'h intentional siunples and q m x a a f t  parts ?Iw long 
time gmtly enhanced our ability to detect some of the longer-lived nuclides. kcludinp: 2.697 
Na-22 in A1 and Fe; 5.3-yr Co-60 in Co. Ni. and In; 2.9-v Rh-102 in In; and 3:-yr Bi-207 in Pb. 
These ndionuclides, dong with such others as  33-yr Ar-42 in Ti. Fe. or hi and 47-yr Ti-44 in the 
same elements, would be appropriate monitors of the highenergy s p x e  radiation field on long 
round-trip voyaps in the so1r.r system. Additional candidate radionuclides will also k discussed. 

Radiometric analysis of he LDEF samples was a s ,~b.wtial  effort among a dedicatea 
group of experts in low-level counting. and highlights wvessl i m p o m t  aspects of the procedures 
n d z d  to ach'eve success in this kind of endeavor. Among these an: he following items. 
Reaction product half-lives should hc matched to mission duration, so to enhance measurement 
precision and facilitate interpretation of ~ u l ~ s :  did we aeasuE a panicle Tux integral. or a particle 
3ux rate? Samples of larger mass ruz: needed to improve precision and/or decrease count time. 
Many LDEF .samples needed a week's count time; a 10-fold increase in sample mass (from the 
typical 50 grams) often would have produced nearly the same incease in count rate, and a 
comspndiag deem in count times or an incre;lsc: in pmision. Sample reuieval rime from a 
7 to 10 day mission should he no more than a few hours. and no more than a few &ys fmm any 
mission, howevtx long its duration. 

Target elements shoilld be chosen to differentiate hetwee:~ neutron- and proton-induced 
.uctions. whcncver this is f a ih l e .  Reactions should be chosen with a wide range ot energy 
thresholds, to emMe cdculatinn of both intensity and energy specua of the particle fluxes. We 
note that as reaction cmrgy thresholds increase into the 10's of MeV, it becomes less and less 
important to ciiacx single-isotope tatgct elements. Several decades-worth of relevant experience 
in this hi&energy ~ g i m r ,  exis6 at LBL, as well as at other high-ene;gy particle amlerator 
lahonlorics. Tiugct materids must bc thomughly checked for "BKG" activities prior to a r. ksion. 
and earthbound contml samples must be ca i~ fd ly  tcndctf during a missicn in ~11.u subsequent 
testing k o i n e s  ncccssary. 

Our analysis of LDEF samplcs can serve s a priceless guide !o piimning similar effons in 
the future. Then, the next time around will he much mom efficient and productive, whether it he 
for a returned Mrua Mission, a retrieval of Apollo Program machinery left on the lunar surface 
twcnty years ago, or a Icsnc-orbiting "dad" satellite brought back to earth for compehensive 
an;!ysis. 



Collection, Analysis, and Archival 
of LDEF Activation Data 

C. E. Laird 
Department of Physics and Astronomy 

Eastern Kentucky University 
Richmond. KY 40475 

B.A. f-!arnlon, G. J. Fishwm and T. A. Parnell 
NASA Marshall Space Flight Center 

Huntsville, AL 35812 

Samples intentionally plated aboard the Long Duration 
Exposure Facility (LDEF) and sample.; obtaib~ed from the LDEF 
structure have been studied at Marshiill Space Flight Center and 
seven national laboratories to determine the radioactivity produced 
in orbit. The gamma-ray spectra from these studies have provided 
information concerning the type and quantity of radioactive nuclei 
produced by various activating particles. The gamma-ray spectra, 
the resulting activation, and the experimental arrangements are 
bzing collected at Marshall Space Flight Center and Eastern Kentucky 
Univeisity for review, further ana!ysis, and future archival. An 
overview of this process and the type of information that will be 
availabit: for fi,rture reference will be given. This information 
includes the samples studied, the location of the samples on LDEF. the 
amount and type of covering material, the ;ypes of detector systems, 
the format of the gamma-ray spectra and the corrections for 
geometry, self-ahsorp!ion, detector efficiency and background 
needed to obtain accurate spxific activations (activation per 
kilogram) of materid. I.!ans will be given as to the archival of the 
data for such future reference and how cther scientific investigators 
or spacecraft designers can access the data. 



INDUCED ACTIVATION STUDY OF LDS? 

B. A. Harmon, G. J. Fishman, and T. A. Parnell 
NASA Marshall Space Flight Center 

Huntsville, AL 35812 

C. E. Laird 
Department of Shysics 

Eastern Kentucky University 
Rfchond, KY 40475 

ABSTRACT 

Analysis of the induced radioactivity of LDEF is continuing 
with extraction of specific activities for various space- 
craft materials. Data and results of activation measure- 
ments from eight national facilities are being collected for 
interpretation at Eastern Kentucky University and 
NASklMarshall Space Flight Center. 

The major activation mechanism in LDEF components is the 
proton flux in the South Atlantic Anomaly inner radiation 
belt. This flux is highly anisotropic, and exposes the west 
side of the spacecraft to higher radiation doses. 
The directionally-dependent activation due to these protons 
has clearly been observed in the data from aluminum experi- 
ment tray clamps (isotope 22~a), steel trunnions (isotope 
s4Mn and others) and is also indicated by the presence of a 
variety of radioisotopes in other materials. A secondary 
production mechanism, thermal neutron capture, has been 
observed in two materials having large capture cross 
sections, cobalt (isotope &CO) and tantalum (isotope '*~a;. 
The neutrons could be thermalized in nearby low 2 material, 
3lthough this has yet to be verified. Other mechanisms 
which activate spacecraft material and are not as easily 
separable from SAA proton activation, such as galactic 
proton bombardment and secondarily-produced fast ne~tsons, 
are being investigated by comparison to radiation 
environmental calculations1. Deviations from one-diaensiona' 
activation models indicate that these mechanisms are more 
important at greater shielding depths. 

We present specific activities Lor a number of materials 
which show SAA effects and thermal neutzon capture. We will 
also examine trends in tho measured results that illustrate 
the effect of shielding and non-SAA-related activation. 

1. T. W. Armstrong and B. L. Colborn, these conference prcseedings. 



REVISED PREDICT'IONS OF LDEF EXPOSURE TO TRAPPED PROTQNS~ 

J. W. Wa- 
NASA. Marshall ??ace Flieht Center. AL 35812 

T. W. Armstrong and B. L. Colborn 
Science Applications Inexnational Corporation 

Prospect, TN 38477 
Phone: 6 151468-2603, Fax: 6 151468-2676 

ABSTRACT 

Initial estimates of LDEF exposure to the trapped proton environment have been reported 
previously to aid in the interpretation dosimetry data and in conjunction with dosimetry response 
predictions. These previous estimates have been made using the standard NASA AP8 trapped 
proton model for two sets of assumed conditions: (a) the omnidirectional flux spectra have been 
calculated with the LDEF altitude and solar activity variations taken into acmunt*, and (b) the 
MSFC anisotropy model has been applied to obtain directional spectra, but only for solar minimum 
conditions and at a single altitude3. 

In the present paper the directional trapped proton fluence spectra is calculated considering 
both the altitude variation and solar activity during the LDF F mission. These additional results 
repiesent an extension of previous calculations to pruvide a more definitive description of the 
LDEF trapped proton exposure. 

~ -- 

I Work partialiy supported by NASA Marshal Space Fllgh~ Center, Huntsville, Alabama. Contract No. NAS8- 
38566. 
*John W. Watts, Jr.. et al. "The Ionizing Radiation Environment of  LDEF: Prerecovery Red~ctions", Roc. Fit 
LDEF Post-Retrieval Symposium. 

T. W. Armstrong, B. L. Colborn, and J. W. Watts, Jr., "Ionizing Radiation Calculations and Comp.Yisons with 
LDEF Data", Proc. First LDEF Post-Retrieval Symposium. 



MEASUREMENTS OF THE RADIATION DOSE TO LDEF 
BY MEANS OF PASSIVE DOSIMETRY 

i. B. Blake and S. S. Imamoto 
Space and Environment Technology Center 

The Aerospace Corporation. Los Angela 90009 

ABSTRACT 

We fielded a very simple experiment on LDEF to measure the energetic radiation dose by means af 
passive dosimetry. It consisted of two identical packets of 16 JLiF thermoluminescent dosimeters 
(TLD) arranged in planar arrays. One array was placed on the leading edge of the spacecraft, !he 
other on the trailing edge. These arrays were installed in opaque packets of 1 mil aluminum foil 
and Kapton tape mounted behind an aluminum plate of 30 mils thickness. The nominal energy 
thresholds were 14 MeV for protons and 650 keV for electrons. In additio,, to the flight arrays, 
two control arrays were prepared which here kept with the flight ar cays as long as possible during 
experiment integration and then stored in our laboratory. The flignt and control arrays were read 
out alternating in groups of four; it was found that the control dose was negligible. The flight and 
control detectors were exposed to a 55 MeV proton beam at the Lawrence Berkeley 8 8  Cyclotron 
in order to provide a re-calibration of the detectors. It was found the the post-flight and pre-flight 
calibrations were in good agreement. 

The LDEF flight doses were found to be: 

Leading Edge = 88.9 f 1 1.5 Rads (1) 

Trailing Edge = 147 f 21.1 Rads (2) 

Dose Ratio = 1.65 + 0.32 (3) 

A comparison of our results with the predictions shows that the measured dose was a tactor 
of 4 to 5 low. It is possible that there was in-flight annealing of the TLDs as a resuii UT ;?e !wg 
mission and perhaps temperature excursions of the sensors. The East-West effect was larger than 
expected . The ratio of 1.65 is approximately what was expected for protons alone. Electrons 
should reduce the dose ratio since electrons add equally to the leading and trailing edge dose. A 
possible explanation is that the electron dosc was negligible compared to the proton dose. 



LDEF: DOSIMETRIC MEASUREMENT RESULTS 
(A0 138-7 EXPERIMENT) 

2 Avenue E. Belin 
3 1055 Touiouse, France 

Phone: (33) 615571 13, Fax: (33) 61555'172 

ABSTRACT 

One of the objwuves of the A 0  1311-7 experiment on board the LDEF was a total dose 
measurement with Thermo Luminescent Detectors (TLD 100) removed after flight. 

Two identical packages, both of them including five TLDs inside various aluminum shields 
(thicknesses: 0.3, 1.0.2.0, 3.0 and 4mm), are exposed to the space environment in order to 
o 3 t n  the absorbed dose profile induced. 

Radiation fluence received during he  total mission length has betn computed, taking into account 
the trapped particles (AE8 and AP8 models during solar maximum and minimum periods) and the 
cosmic rays; due to the magnetospheric shielding the solar proton fluences arc negligible on the 
LDEF orbit 

The total dose induced by these radiations insidc a semi infinite plane shield of aluminum are 
computed with the radiation transport codes available at DERTS. The dose profile obtaine~ is in 
good agreement with the evaiuaiicin by T. PARNELL. 

TLD reading are performed afer IRligh; due to the misxion c'.uration increase a post flight cdibr:ltion 
was necessary in order to cover the rmge of the flight induced dose. The results obtained, similar 
& 30%) for both packages, are compared with the dose profile computation. 

For thicknesses 2.0,3.0 and 4.0am it seems that the measurements exceed the forecast (factor 
lower than 1.4). That can be due to a cosmic ray and a trapped prorsn contrihutions coming from 
the backside (assumed RS perfectly shielded by the LDEF structure in the computation), or to an 
underestimate of the pmron or cosmic ray fluences. A fine structural shielding dnsllysis should he 
necessary ia order to .determine the origin of this slight discrepancy between forecast and in flight 
measurements. 

For the less shielded dosimciers (0.3 and I .Ornm), mainly exposed to thc trapped electron flux, a 
likely overestimate of the dose (less than a factor 1.4) appears. Due to the dispersion of the TLD's 
response, this cannot be confirmed. 

In practice these rcsults obtained on board LDEF, with kss than a factor !.4 ktwcen 
measurements and forecast, reinforce the validity of the computatiorl methods and models used for 
the long term evaluation of the radiation levels (flux and dose) encountered in space on low 
inclination and altitude Earth orbits. 



ABSORBED DOSE MEASUREWNTS 

A. L. Frank arid 
E r i l  Research Inc., 

San Rafael, 
Phone: 4151666-6281, 

AND PREDICTIONS ON LDE;-I 

E. \I. Benton 
P. 0. Box 150788 

T. W .  Amstrong and B. L. Colborn 
Science Applications In te rna t iona l  Corpora:ion 

Route 2 ,  Prospect, Tbi 38477, USA 
Phone: 5151468-2W3, Fax: 6151468-2676 

ABSTRACT 

The overa l l  rad ia t ion  environment o f  LDEF was determined i n  pa r t  through 
the  use of themoluminescent de tec tors  ('TLDs) which were included i n  szveral  
experiments. The r e s u l t s  given here are from four  experiments (A0015 Bio- 
stack, MOO04 Fiber Optics Data Link, PO004 Seeds i n  Space, and PO006 Linear 
Energy Transfer Spectrum Measurement) and ~ e p r e s e n t  a la rge  f r a c t i o n  of  
ex is t ing  absorbed dose da ta .  The TLDs were located on the  leading and the  
t r a i l i n g  edges and the  Earth end o f  t he  spacecraf t  under various sh ie ld ing  
depths (0.48 t o  15.4 g/cm2). The measured absorbed doses were f w n d  t o  
r e f l e c t  both d i r ec t iona l  dependence of incident  trapped protons and shielding.  

A t  t h?  leading edge, doses ranged from 2.10 tc  2.58 Gy under shielding of 
2.90 t o  1.37 g/cm2 A1 rqni valent (M0004). A t  t h e  t r a i l  inq edge, doses var ied 
from 3 .O4 t o  4 -49 Gy under sh ie ld ing  of 11.7 t o  3.85 g/cm (Aq015), doses 
varied from 2.91 t o  6.64 Gy under shielding of 11 -1 t o  3.48 g/cm2 (P0004), 
and a dose range of  2.66 t o  6.48 Gy was measured under shielding of  15.4 t o  
0.48 g/cfi~2 (P'3006). A t  the  Earth end of the  spacecraf t  doses from 2 . d l  t o  

i 3.93 Gy were founa under shielding of  10.0 t o  1.66 glcm (A0015). The e f f ec t  
of the trapped proton anisotropy was such t h a t  t he  western s ide  o f  LDEF 
received about 5 times the  dose of the eastern s ide  a t  shielding depths of 
% 1 gm/cm2. These data  a r e  being u t i l i z e d  t o  evaluate  the  accuracy of models 
c u r r e ~ t l y  i n  use for  predict ing ionizing rad ia t ion  environments f o r  low 
Earth orhit rr~issions. 

l ~ o r k  p a r t i a l l y  supported by NASA Contract No. NAS8-38610 (NASA-Marshal l 
Space Fl ight  :enter, Huntsville .) 
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E. Y. Benton, I. Csige, K. Oda, R. P. Hake,  A. L. Frank, E. R. B a t o n  and L. A. Frigo 
Physics Department, University of San Franasco, 2130 Fulton St. 

San Francisco, CA 93117-1080, USA 
Phone: 4151666-6231. Fax: 415/666 -2.1639 

T. A. Pame::, J. W. IVatts, 3. a d  .I. H. Demckwn 

ES-62, N.4SA-blarshall Space Flight Center 
George C. hlarshall Space Flight Center, A1 35812, USA 

Phone: 205/Si-7690. Fax: 205/544-775.1 

ABSTRACT 

Meamrements a.rc c d e r  way of t lw charged particle radiation enrimurnen: of t hc LDEF 
satellite using s t ach  of plastic nudeiu t r d i  detectors (PSTDs) placed in different locations of 
the satellite. In the ilrtial work the cliarge. energy and linrar energy transfer (LET) spectra of 
charged particles were m t x n v l  with CR-39 double l a y r  PXTDs located on thc \vmt cnd ~f 
the satellite (P0006). Psimar? and sccoiidary siopping hcary ions as d i  as relativistic galactic 
cosmic rays (mostly iron particles) were mcasared separately. 

The results from the POOOS cxperimcnt will he compared with similar measurements in . ther 
locations on LDEF with different orientation and shielding conditions. 

The remarkably detai l4 investigation of the chargcd particle radiation en\-ironmcnt of the 
LDEF satellite will lead to a b e i t ~ r  undcrstauding of the radiation euvironment of the Space 
Station Freedom. It will enable nwre accurate prediction of single event upsets (SEus) in micro- 
electronics and, especially, Inorc accuratc assmsnient of the risk - contributed I)? the different 
components of the radiation field :GCRs, trapped protons. secondarics and heavy recoils. ctc.) 
- to the health and saft-ty of crew nicnibcrs. 

EXPERIhlEKT 30. POOOG 

'Work partially supported by NASA grant No. KAG8-168 (NASA-Marshall Space Flight Ccnter. Himtsviilr) 



LIGHT-HEAVY ION MEASUREMENTS IN CR-39 LOCATED ON THE EARTH SIDE OF 
LDEF ' 

I. Csige, E. V. Bcnton and S. Soundararajan 

Eril Research Inc. P. 0. Box 150788 
San Rafael, CA 94915 

Phone: 415/666-2333. Fax: 415/454-4089 

ABSTRACT 

The azimuthal angle distribution and the charge and enagv spectra of selected light-heavy 
(3 5 Z 5 8) stopping particles were measured in a single layer of CR-39 plastic nuclear track 
detector (PNTD) from the stack of the A0015 experiment located on the Earth-end of the 
satellite. The directional incidence ~f the trapped protons is studied by comparing the azimuthal 
angle distribution of selected recoils, obtained in the LDEF dete:tors, to tha? obtained through 
calibrations of PNTDs with exrxures performed with 200 MeV proton beams from different 
directions. Similar measurements will be performed in a CR-39 sample exposed on the space- 
end of the LDEF satellite for intercomparison. The experimental results will also he compared 
to theoretical calculations. 

EXPERIMENT NO. A0015 

'Work partially supported by NASA contract No. NAS8-38610 (NASA-Marshall Space Flight Center, 
Huntsville) 



THREE-DIMENSIONAL SHIELDING EFFECTS ON CHARGED PARTICLE FLUENCES 
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Physics Department, University of San Fiancisco, 2130 h l ton  St. 
San Francisco, CA 94117-1080, US!, 
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Saence -ipplications International Corporation, Route 2 
Prospect, TN 38477, USA 

Phone: 615/468-2603, Fax: 615/468-2676 

ABSTRACT 

The azimuthal and polar angle distribution of the galactic cosmic ray particles (mostly rel- 
ativistic iron) was measured in the main stzck and four side stacks of the PO006 experiment 
located on tfie west end of the LDEF satellite. A dear shadowing effect 3f the shielding of the 
LDEF satellite is found. 

The total fluence uf stopping protons (mostly primary, trapped particles) was measdred as 
a function of the 2osition izi the main and side stacks of h e  PO006 experiment. Experimental 
results are compared with theoretical calculations and the effect of the stroag location dependence 
of particle fluences is explained by the three-dimensional shieidhg mode! of the PO006 stack. 

Through COP parisons between experiment a1 results and calculations, this work will lead to 
the refinement of the radiation environment computational models. 

EXPERIMENT NO. PC306 

'Work partially supported by NASA grant No. NAG8-168 (NASA-Marshall Space Flight Center, Suntsville) 

21 



DEVELOPh4ENT AND APPLlCATION OF A 3-D GEOMETRY/MASS MODEL 
FOR LJJEF .SATELLITE IONIZING RADIATION ASSESSMENTS1 

B. L. C w  and T. W. Amxmng 
Science Applications In ternatior; J Corporation 

hspec t ,  TN 38477 
Phone: 6 1 5 3  58-2603, Fax: 6 151468-2676 

ABSTRACT 

A computer model of the three-dimensional geometry and material distributions for the LDEF 
spacecraft, experiment uays, and, for selected trays, the cotslponents of experiments within a tray 
has been developed for use in io:)izing radiation assessments. The model is being applied to 
provide 3-D shielding distributions around radiation dosimeters to aid in data interpretation, 
particularly in assessing the dkcticnal pm?erties of t??e ~ d k m x ~  expmre. Also, t!!e model has 
been interfaced with radiation transport codes for 3-D dosimetry response predictions ..~d for 
calculations related to determining the accumcy of trapped proton and cosmic-ray environment 
models. 

This paper will describe ;kc me.;~odology used in developing the 3-D LDEF model and the 
level of detail incoi.porated. Basically, all major components of the spacecraft structure are 
modeled, each experiment tray is modeled separately, and a detailed description of the contents of 
several experiment trays contairing ndiation dosimeters is incorponted. Currently, the trays 
modeled in detail are F2 (containing Exps. P0004 and P0006), F8 (Exp. M0004). and HI2 and 
H3 (Exp. M0001). 

Applications of the model which will be discussed include the 3-D shielding distributions 
around various dosimeters, the influence of shielding on dosimetry responses, and comparisons 
of dose predictions based on the present 3-D rrndel vs those from 1-D geometry model 
approximations used in initial estimates. 

Work supported by NASA Marshal Space Flight Center, Huntsville, Alabama, Contract No. NAS8-38566. 



IN MODEL PREDICllONS AND VALIDATION USING WEF DATA1 

T. W. A- and B. L. Colborn 
Sciena Applications International Corparation 

Prospect, TN 38477 
Phone: 6151468-2603, Fax: 6151468-2676 

Radiation dosimetry aboard WEF, as well as post-flight measurements of +he radioactivity 
induced in numerous LDEF spacecraft components, provide unique data for evaluating the 
accuracy of c a n t  models for predicting botll the space radiation environments (mppd proton 
intensity, spectra, and directionality; cosmic-ny fluence) and the radiation environments induced in 
spacecraft components (fluence, energy spectra, secondary particles, LET specm, etc.). Hy 
de:mni.?ing the accuracy of such models using LDEF data, ard v ~ i ~ i ~  model updates where 
r e q u i d ,  improved radiation environment pmlictions can be made for future missions, which in 
turn allows improved predictions for specific radiation effects f x  future spacecraft components 
(single-event upsets of microelecmni~s, radiation damage to focal plane arrays, noise in sensitive 
instrumentation, etc.). 

In this paper the status aid ~esults from radiation model predictions and comparisons with 
LDEF data will be given. The dculations are made using radiation transpor; .,-zies coupled with 
a 3 -11 geometryhnass model of LDEF, together with current models of the space radiation 
~,iivironment. Calculations are cornpami with TLD measurements of the absorbed dose at various 
tray locations and shielding depths, fluence and wectra from PNTD dosimeters, induced 
radioactivity in metal samples placed in expt ,+ trays, and induced radioactivity of various 
LDEF spacecraft components. Assessments of the comparisons are in terms of the accuracy of 
current space radiation models for low Earth orbit missions and ti,: models and methods for 
predicting radiation environments internal to the spacecraft. 

Work supported by NASA Marshal Space Flight Center, Huntsville, Alabama, Contract No. NAS8-38566. 



CRiiCALITY OF ~e~ CONCEN'l'RA'P1ON IN LDEF 

( .  -w 
Gnu:.man Space Station 

620 Discovery f i v e  
Huntsville, AL 35806 

Phone: 205197 1-6014, Fax: 2O5/93 1-6 1 1 1 

In the First Post-Rcuieval Symposium of the Long Duration Exposure Facilities 
(LDEF), n number of 9ape.s reported the detection of high Be7 concc,ntra*ion in the 
LDEF. It sounded a iming  for space flight in the LDEF orbit, since Be7 b a radioactive 
nuclide with a h 2  life of 54 days and emits gamma rays of 0.48 MeV which is ionizing 
radiation. Hence two questions arise: (a) Is this high concentration harm-W to spacecraft 
crews? and (b) Is this conce:~tration damaging to electronic components us& on 
spacecraft? To answer these questions, we need to estimate the dosage of this 
concentration and compare the value of the allowed limits. As a result, we calculated the 
dosage of O.C3 rad. When this is compared with the human limit of 25 rack and the 
susceptibility requirement of 800 rads, the ~ e 7  amount should not be considered critical. 
The calculation of ~ e 7  dosage is detailed below. 

According to Fishman, the concentration of Be7 in the air was calculated as 3.8 x 

106 atoms/(grn of air). Consider each ~ e 7  atom emits a gamma photon of 0.48 MeV. The 
energy deposited in 1 gram of air is seen to be 

3.8 x 106 x 0.48 = 1.8 x 106 MeV/(gm of air) 

21 terms ef mad which is quai  to 100 ergs/grn or 6.25 x 107 MeVIgm, the energy deposited 
in 1 gram of air is 

1.8 x 106 MeV/gm / (6.25 x 10'1 MeV/gm)l rad = 0.03 rad 

which is negligible as compared with the limit of 25 rad for human beings and the 800 
rads radiation susceptibility of electronic components which we the values selected for use 
in spacecraft operation. 
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The radioisotope 7 B e  was discovered ia early 1990 on the h n t  surface, and the front 
surface only, of the LDEF, (Fishman et al, Nature, ;2991 1991, pp678-680). Our working 
hypothesis is tbat the isotope, which is known to be mainly produced in the stratosphere by 
spallation of ~litrogen and oxygen nuclei with cosmic ray protons or swcndary neutrons, diffuses 
upward and is absorbed onto mctal surfaces af spacecraft. The iipward transport must be rapid, 
that is, its characteristic time scale is similar to, or shorter than, the 53 day half-life of the isotope. 
It is probable by analogy with meteoritic metal cheffiktry in !he atmosphere, that the form of the Be 
at a few 100 b altitude is as the positive icn Be+ which is efiiciently incorporated into the ionic 
lattice of oxides, such as CfZQh Feo,, etc., naturally occurring on surfaces of A1 an< 
stainless steel. Other radioisotopes of Be, CI and C are also produced in the atmosphere, and we 
have begun a search to discover these. Of principal interest are 1% and 14C f a  which the 
production cross-sections are well-known. The method of analysis is accelerator .nass- 
spectmmetry. Samples from LDEF clamp-plates are being chemicaliy extrac!ed, purified and 
prepared at Rutgers University for an accelerator run at the University of Pecibylvania. 
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The Heavy Ions I n  Space (HIIS) experiment has t wc, primary objectives: (I ) to measure tlw 
eleniental coniposition o f  ultralwavy Galactic cosnlic rays. beginning in the tin-barium regiou 
of  tIw periodic table; and (2) to investigate h v  io~is which arrive at LDEF below the r g e o ~ i i a e ~ ~ t  ir cutoff. either because they arr: not ully stripped o f  electrons or because their 
sounx IS within the n~agnelosplwre. Both of these objectives have practical as well as 
astrophysical consequences. 

The HUS experiment used eight thick stacks o f  plsstic track detectors ma~ii ted in two trays 
on the space-fac~ag end of L,DEF. Siwe the last LDEF syrnposiuri, we have i ~ ~ - m d  tlle 
statistics o f  our observations and have extended the analysis to a second stack and to hec to r  
slltxts near the top o f  a stack. We re rt new results or1 the ddector resolution and on tlle 
observations of  both stopping and E P" ativistic particles. 

EXPERIMENT NO. MOO0 I 
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ABSTRACT 

The Ultra Eeavy Cosmic Ray Experiment (UHCRE) is based or. a modular array of 
192 side-viewing solid state nuclear track detector stacks. These stacks were mounted in 
scts of four in 48 pressure vessels employing sixteen peripheral LDEF trays. The extended 
duration of the LDEF mission has resulted in a greatly enhanced scientific yield from the 
UHCRE. The geometry factor for high energy cosmic ray nuclei, allowing for Earth shad- 
owing, was 30 m2sr, giving a total exposure factor of 170 m2sr y at a11 orbital inclinatim 
of 28.4 degrees. Scanning results indicatz that about 3600 cosmic ray nuclei in the charge 
region with Z>65 have been collected. This sample is more than ten times the current 
world data in the field (taken to be the data set from t.he HEAO-3 mission plus that from 
the Ariel-6 mission) and is sufficient to provide the warld'a first statisticaliy significant 
sample of actinide (2>88) cosmic rays. 

Sesults to date are prcsented including a sample of ultra heavy ccsmic ray nuclei, 
andysis 01 pre-flight and post-flight calibration events and details of track response in the 
context of detector temperature history. The integrated effect of all temperature and age 
related latent track -miations cau:e a maximum charge shift of f O.8e for uranium and 
k 0.6e for the platinum-lead group. The precision of charge assignment as a function 
of energy is derived and evide'lce for remarkably good charge resolution achieved in the 
UHCRE is considered. Astrophysical implications of the UHCRE charge spectrum are 
discussed. 

Experiment No. A0178 



FUTURE DIRECJIONS FOR LDEF IONIZING RADIATION 
MODELING AND ASSESSMENTS1 
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Science Applications International Corporation 
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Phone: 6 151468-2603, Fax: 61 51468-2676 

Data from the ionizing radiation dosimetry aboard LDEF provide a unique opportuniij; f a  
assessing the accuracy of current space radiation models and ir. identifying needed improvements 
for future mission applications. This paper will- (a) detail the LDEF data pnscntly available and 
forthcoming for radiation model evaluations, (b) give the cwrent status of model cornpatisons with 
LDEF data, (c) indichte future directions of planned modeling efforts and data comparison 
assessments, and (d) outline the methodology related to modeling being employed to help insure 
that the LDEF ionizing radiation results can be utilized to better address ionizing rndiation issues 
for future missior?;. 

In general, the LDEF radiation modeling work to date has emphasized quick-look predictions 
using simplified methods to make comparisons with absorbed dose (thermoluminescent detector) 
measursments and induced riioactivity measurements of emissions from both intentionally placed 
samples and various spacecraft components. ?his work has provided an evaluation of the accuracy 
of external radiation environment models for predicting the radiation exposure of low Earth orbit, 
mid-inclination spacecraft. Future modeling efforts will focus on evaluating models for predicting 
induced environments uy performing comparisons with LDEF linear-energy -transfer (LET) and 
secondary particle (neutron) measurements. These comparisons will be based on detailed radiation 
transport methods ( eg ,  3-0 Monte Carlo codes) coupled with a 3-D LDEF mass model to account 
for shielding variations. 

Modeling and LDW data comparisons related to LET spectra are of particular importance for 
several reawns: (a) LET spectra are of fundamental importance in predicting "single hit" radiation 
effects, such as single-event upsets in microelectronics and biological damage, and are of key 
practical importance in spacecraftlpayload design and mission planning, (b) the long duration 
LDEF mission allowed LET measurements of unprecedented statistical accuracy, particularly for 
the high-LET component which is important in assessing certain radiation effects, and (c) LET 
represents a smngent test of modeling methods for simulating both the external environment 
(trapped and galactic sources) and radiation transport (innactions including secondary particle 
effects), more so than for integral results such as absorbed dose and induced radioactivity. 

This paper will discuss the planned modeling and LDEF data comparisons for LET spectra, 
including components of the LET spectra due to different environment sources (trapped vs. galactic 
radiation), contribution from different production mechanisms (primary particles vs. target 
fragments), and spectra in plastic detectors (representative of tissue) vs. silicon (representative of 
microelectronics). Of particular importance are modeling efforts to aid in understanding the 
directional features exhibited by some of the LDEF LET data. 

Work supported by NASA Marshal Space Flight Center, Huntsvil:~. Alabama, Corimct No. NAS8-38566. 
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ABSTRACT 

The LDEF Meteoroid and Debris Special Investigation G ~ O U  (hereafter M&D SIG, t see listing of members below) was formed to maximize the data anlest from LDEF by 
permitting the characterization of the meteoroid and space debris impact reccrd of the 
entire satellite. Thus, our work is complementary to that of the various M&T! PIS, all of 
whom are members of the SIG. This presentation will summarize recent M&D SIG 
activities. We will also present discussions dealing with four critical goals: 

CLASSIFICATION OF IMPACTORS: We will present general sets of criteria 
permitting discrimination of natural meteoroids from space debris based upon chemistry of 
the impactor residues. We will then present specific criteria applicable for use on different 
LDEF exposed substrate materials (ie. AI, Ge, steel, etc.). 

CALIBRATION: Th~s topic involves the cratering and penetration formulas 
presently used by the M&D investigators. We will discuss the advantages, disadvantages, 
and uncertainties of the various approaches used to convert raw impact feature data Into 
projectile dimensions and masses. 

CHARACTERIZATION OF VERY SMALL CRATERS: While the M&D SIG was 
successful in documenting the 4500 largest impact features on the entire LDEF during 
satellite deintegration, analysis of much smaller impact features continues today. Results 
from these studies are critical to a full understanding of particulate flux. 

PARTICULATE FLUX: We will present a preliminary synthesis of observations 
from LDEF PIS and the SIG, and discuss the present uncertainties which remain. 

0 

The M&D SIG members are: William Kinard, Martha Allbrooks (POD Assoc.), 
Dale Atkinson, Don Brownlee (Univ. Washington), F Buhler (Univ. 
NASA ARC), Vladimar Chobotov (Aerospace Corp.), Cassandra b unther Eichhorn (Space Telescope Sci. Inst. , Miria Finckenor (NASA MSFC), Fred HOE 
NASA JSC , Donald Hun~ts NASA LaRC , Don Kessler F M A  JSC , J-C Mandeville B 6 CERT-ON RA), J A M Mc onnell (Univ. Kent), Michae \ Mirtich ( P i  ASA LRC , J D 

Mulhollalid (Inst. Space Sci. Tech.), Thomas See Lockheed-ESC), Charles Simon, dcbert 
Walker (Washington Univ.), Jerry Weinberg nst. Space Sci. Tech.), Ernst Zinner 
(Washington Un~v.), Michael Zolensky and Herb h ook. 
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Part or the LDEF tray allocated to French experiments (FRECOPA) hzs been 
devoted to the study of dust particles. The tray was located on the f~.ce of LDEF directly 
opposed to the velocity vector. Two passive experiments have been flown : one 
composed of a set of glass and metallic samples and one composed of multilayer thin 
foils detectors. Crater size dismbution has made possible the evaluation of the incident 
microparticle flux in the near environment. Compz~isons are made with measurements 
obtained on the other faces of LDEF and with results of a similar experiment flown on the 
MIR space s';ition. 

Of peculiar intelzst was the study of impact features on stacked thin foil detectors. 
The top foil acted as a shield, fragmenting the projectile and spreading the fragments over 
the surface of the thick plate located underneath. EDS analysis has provided evidence of 
impactor fragments. Detectors consisting of a thin shield and thick bottom plate appear to 
offer a significantly higher return ol" infxmation concerning chemical analysis of 
impactor residues than single plate detectors. Focus has been made on the discrimination 
between extraterrestrial particles and man-made debris, however untii now, no evidence 
for impact caused by artificial particles has been found, which is consistent with the 
location of the our experiment on LDEF. 

The samples of various materials offer an unique opportunity for the study of the 
many processes involved upon hypervebcity impact phenomena; peculia,!y, the 
characteristic ratio for impacts on thin targets (crater dlarneterltarget thickness) has been 
evaluated and compared with laboratory simulations. 

EXPERIMENTS A0 1 38- 112 
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AB!aRAm f 

! 
INTRODUCI'ION: A major rupondbility of the Meteoroid & Debria S p a 1  investigation Group (MAD SIO) is to define the 

bypervalochy particle environment encountered by LDEF during its 5.7 year m y  in low-firth orbit (LEO). Last year m reported + 

(131 on the frcquany of craters rSOO pm and penetration holes ~300 pm in diameter for LDEFs !kame and Teflon thermal 
hlmketr. rrrpectively. During the past year the MBD SIG has been eumining these surfaces, in much greater detail, in the F d t y  
for Opcicrl lnrpection of L q e  Sunaces (FOILS) laboratory at the Johnwn Space Center. 

LDEFs 6061-T6 duminum frame and the Teflonlkiiver-inconeVpsint thermal blankets re-nt large surfaces areas (-D.4 & 
-20.4 m2, respactively) that were widely distrib~%d around the spacecraft. Here we report the results of bigb-resolution scans of 
-0.36 and -031 m2for the intercostrls and thermal blankets, rclrpective!~. 

DATA ACQUISITION: Surfaces we examined on an XY scanning table, to which is mounted a Leitz M8 stereo-microscop 
[23,4]. Tbe hudwue permits systematic scanning of surfaces at magnifications ranging between 25 to Wht; the data reported here 
were acquired at 4Qt which permitted the identification of all features r30pm in diameter (ie, rim-crest-to-rim-crcst PI]). 

RESULTS: The cumulative size-frequency distributior; of craters and penetrations holes arc illustrat, in Fip. 1 md 5 
rupectively. Note that features S200 pm in diameter in Fig. 2 arc generally craters, rather than pecetration boles, because 
increasingly mndbr particles are unable to completely penetrate the - 180- thick tbermal blankets, 

'Ibe average crater frequencies for the the five foward-facing (ie, FM. F08, E09, M)9, & ElOI and two reward-facin~ tie., 
C03 & Ea5) intercoQta)s can be seen in Fig. 1. The change in the slopes for the intercostal data kween  500 and 1000 pm, a;,'' 'be 
convergence of these data toward the larger craters is most likely an artifact of the limited surfra areas offered by the intern 'A 
For comparison. data from the bays A03 and Al l  (experiment AO187) represent crater freq~xncies on the A1 6061-TV experiment- 
tray lip [S], wbile the B(M (experiment AOlJ [6]) data were obtained h m  counts on unjpcified "aluminum" surfaces. 'Ibe A l l  
data ue in good agreement with this investigation for the general, Coward-facing intercostals. Aa cxpccted, the AQ'J and BQ3 data 
ahow significant decrases h crater densities and exhibt similar slopes to that of the fomard-facing popuiati~u~ supporting tbe 
earli5r ~0llclllEion that the chkcges in slope is related to the limited surfaces area of the intercostals. 

Fig. 2 depicts thermal-blanket data obtained from the forward-facing (E10) and reward-facing (E02 & FV2) directions. 
Because of the large surface area and craterfpenetration-hole populatiori we did not try to quantitatively comt features down to 30 
pal in diameter, but ilsttad used a cutoff diameter of 100pm, which explak ;he flattening in the slope for the curve below la)@. 
Also in Fig. 2 at.2 data from the A0023 experiment [I that depicts penetration-bole frequency in aluminum foils of specific and 
variable thicknesws. 'Ibese data sets are in excelient agreement for both the fonwrd and rearward-facing directions and could be 
#id into curves that would characterize the relative frequency of micron to millimeter-sized projectiles. 

DISCUSSION: Ow surrent hdiugs are i d  qualitative agreement with existing modcl-predictions that suggest highly differential 
bombardment histories for surfaces pointing into specific directions relative to the velocity vector of a non-spinning flatform in LEO 
[a]. 'Ibc productio~ rates for craters 250 pm in diameter in aluminum and penetration holcb LlOO in diameter in thin foil 
materials (Teflon; 180 pm thick) n i b r  by more than a factor of 10 between fonvard and rearward-facing surfacer 'h* z e  
sub6tautid differences that must lw wnsidered during the design of future, large-scale, longduration platforms in LEO (q., mob 

immediately the Space Station - -  . .  
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A survey of the meteoroid and space debris impacts on LDEF experiment MOO3 has been perf~rrned. 
The purpcise of this survey was to document significant impact phenomenology and to obtain impact 
crater data for comparison to current space debris and micrometeoroid n~odels. The survey consists of 
photomicrographs of significant itnpact, in a variety of material types, accurate measurements of impact 
crater coordinates and dimensions for selected experiment surfaces and datubasing of the crater data for 
reduction, maniplation and comparison to mdels. Large area sdrfaces which were studied include the 
experiment power and data system (EPDS) scnshields, environment exposure contrcrl canister (EECC) 
sunshields and the MOO03 Signal conditioning unit (SCU) covers. Crater diameters down to 25 microns 
were measured and catalogued. Both leading (D8) and trailing (D4) edge surfaces were studled and 
compared. The EPDS sunshields are aluminum panels painted with Chemglaze A-276 white themla! 
control paint, the EECC sunshields are chromic acid-anodizer aluminum, and the SCU covers are 
aluminum painted with S 13GLO white themla1 control paint. Typicai materials which have documented 
impacts are metals, glasses and ceran!ics, composites, polymers 2nd electronic materials. The iesults of 
this survey demonstrates the different response of materials to hypervelocity impacts. Cornpaison of the 
survey data to curves derived . 3rn .he Kessler debris model and the Cour-Palais micrometeoroid model 
indicates a marked tendency for overprediction of small impxts (< 100 microns) and underprediction of 
large impacts (>I000 microns) with there being fair-to-gmd agreemeni for the medi~m-sized impact> 
Comparison of the impact distributions among the various sulfaces indicates significant variations whic-li 
may be a furlction of material response effects. Represmative photographs and summary graphs of the 
impaci data will be presented. 

EXPERIMENT NO. M0003 



DAMAGE AREAS DUE TO IMPACT CRATERS ON LDEF ALUMINUM PANELS 
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ABSTRACT 

Because of its exposure time and t ~ t a l  exposed suface area, the LDEF provides a unique 
opportunity to anaIy,e the effects of the natural and man-made particle popu!ations in Low Earth 
%bit (LEO). This study concentrated on col1ec;ing and analyzing measurements of impact craters 
from seven paicted alumin~m surfaces at different locati~ns on the satellite. These data are being 
used to (1) update the current theoretical micrometeoroid and debris models for LEO, (2) 
characterize the effects of the LEO micrometeoroid and debris environment of satellite 
components and designs, (3) help assess the probability of coilision between spacecraft in LEO 
and already resident debris and the survivability of thosc spacecraft that must travel through, or 
reside in, LEO, and (4) help define and evaluate future debris mitigation and disposal methods. 

Measurements were collected from orlz aluminum experimeqt tray cover (Bay C-12)) two 
alumii~um grapple plates (Bays C-01, C-1 O), and four alumincm experiment sun-shields [Bay E- 
@3jS all of which were coated with thermal paint. These measurements were taken at the Facility 
for Optical Interpretation of Large Surfaces (FOILS) Lab at N.4SA Johnson Space i h t e r .  

Virtually all features >0.2 mm in diameter possessed a spa11 zone in which all of the paint was 
removed from the aluminum surface, and which varied in size from 2-5 crater diameters. 'iitc 
actual craters vary from central pits without raised rims to morphologies more typical of craters 
formed in aluminum under hypervelocity impact conditions for larger features. Most craters 
exhibit a shock zone that varies in size from -1-20 crater diameters. In general, only the outer- 
most layer of paint was affected by this impact-rilated phenomenon, with several impacts 
possessing ridgelike structures encircling the area in which this outer-most paint layer was 

r) removed. Qverall, there were LO noticeable penetrations or bulges on the underside of the trays. 
One tray from  he E-09 bay exibited a spallation zone on the backside, approximately equal in 
size to that on the front side. 

Results from this study demonstrate that the impact damaged areas extend far beyond the actual 
craters in coated or painted surfaces. While the cratering damaged <<I% of the total surface area, 
the total impact damage area exceeded 3%. 



MECHANICAL PROPERTIES OF GLASSES 
IMPACED BY DEBNIS OR MICROMETEORITES 

Ponald L Kinser and David E. Wiedlocher 
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ABSTRACT 

Mechanical strength measurements on five glasses and one glass ceramic exposed on 
LDEF have reveiled no damage exceeding experimental limits of error after exposure. 
The measurement techniqti: subjected less than 5% of the sample surface area to 
stresses above 90% of the failure strength. Seven micrometeorite or space debris 
impacts ocxrred at locations which were NOT in that partion of the sample subjected to 
greaw than 90% of the applied stress. In consequence of this the impact events on the 
sample were not detected in mechanical strer,,~h measurements. The physical fom and 
structure of the impact sites has been carefully examined to determine the influence of 
those events upon stress coilcentration associated with the impact and the resulting 
mechanical strength influence. The size of the impact site insofar as it determines flaw 
size for fracture purposes was examined. Surface topography of the impacts reveals that 
six of the seven sites display impact melting. The classical melt crater structure is 
surrounded by a zone of fractured glass. Residual stresses arising from shock 
compression and from cooling of the impact fused zone cannot be included in fracture 
mechanics analyses based on simple flaw size analyses. S!ra!egies for refining estimates 
of mechanical strength degradation by impact events will be presented. 

Experiment No. A01?3 
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ABSTRACT 

This report presents a nomogram based on the numberldistribution of mi,rometeoroid/debris hits 
recorded on LDEF. The nomogram permits the user to estimate the total n~rmber of impacts that a 
space structure would encounter as a function of time in orbit, expoxd area and angular location 
relative to the 'ram' direction. The data base for this nomogram is valid for the LEO parameters 
associated with LDEF. Examples are presented on the application of the nomogram to satellites and 
space structure:: of different cross-sections to tklt of LDEF. The effects of altitude and orbit 
icclination are also discussed. To furthe; demonstrate the usefulness of this nomogram, results are 
compared to impact data measured on the UTIAS polymer rna?ix composite experiment (A01 80). 
This report also examines the impact damage occming on these composite materials and presents 
data on hole size, penetration depth and delamination ma. 



LDEFS MAP EXPERIMENT FOIL PERFORATIONS YIELD & ! f k & ~ ~ I ~ ~ 8  
PENETRATION PARAMETERS 

J A M McDonnell 
Unit for S~ace  Sciences. Universitv of Kent at Canterburv. . - 

A Canterbury,.~ent , ~ f i  7NR U.K. 
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ABSTRACT 

The space exposure of LDEF for 5.75 years , forming a host target in LEO orbit to a wide distribution 
of hypervelocity particulates of varying dimensions and different impact velocities, has yielded a 
multiplicity of impact features. although *e projectile parameters are generally unknown and, in fact not 
identical for any two impacts on a target, the great number of impacts provides statistically meaningful 
basis for t: t: valid comparison of the response of different targets. Given sufficient impacts for example, a 
comparison of impact features (even without knowledge of the project parameters) is possiblc between 

(i) differing material types (for the same incident projectile distribution j 
(ii) differing iarget conjlgurations (e.g. thick and thin targets for the same material projectiles) and 
(iii) different velocities (using LDEFs different faces). 

A comparison between different materials is presented for infinite targets of Aluminium, Teflon and 
Brass in ,Jle same pointing direction; the maximum finite-target penetration (ballistic limit) is also compared 
ro that of the penetration of similar materials comprising a semi-infinite target. For comparison of impacts 
on similar materials at different velocities, use is made of thc pointing direction relative to LDEF's orbital 
motion; fist,however, care must be exercised to separate the effect of spatial flux anisompies froin those 
resulting from the spacecnft velocity through a geocentrically refecnced dust distributinr.. 

Data comprising thick and thin target impacts, impacts on different rnateriz!~, and in differat! gointing 
directions is presented; hypervelocity impact parameters are derived. 

Results are also shown for flux modelling codes developed to decwk the mlative fluxes of Earth orbiral 
and unbound interplanetary components intercepting LDEF. 

Modelling shows the west and Space pointing faces are dominated by interplanemy particles and yields 
a mean velocity of 23.5 kms at LDEF, corresponding to a V, Earth approach velocity of = 20.9 km s-1. 
Normally resolved average impact velocities on LDEF's cardinal point faces are shown in Table 1. As 
"excess" flux on the Eslst, Noch and South faccs is observed, compaiible with an Earth orbital component 
below some 5 microns in particle diameter. 

Table 1. hfean liormally resolved velocity (kms-l) of impacting inteqdacetary particles incident on LDEF's 
faces (true pointing) for geocentric particle velociiy 23.5 kms-l. 
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ABSTRACT 

The Space Power Institute at Auburn University has constructed an 
electromagnetically driven particle accelerator for simulating the effects of space 
debris on the materials for use in advanced spacecraft. The facility consists of a 
capacitively driven accelerator section, a drift tube and a specimen impact chamber. 
The drift tube is sufficiently long that all electrical activity has ceased prior 'io impact in 
the sgecimen chamber. The impact chambe: is large enough to allow a wide range of 
specimen geometries, ranging from small coupons to active portions of advanced 
spacecraft. 

The electric drive for the accelerator consists of a 67 kJ, 50 kv ca~acitor bank 
arranged in a low inductance configuration. The bank is discharged through an 
aluminum armaturelplastic ablaitor platelprojectile load in roughly 1 . 2 ~  sec. The 
evaporation of the ablaitor plate produces an expanding gas sll~g, mostly He, traveling 
at a velocity of some 60 kmlsec. Beca~se of the pressure and local density, the 
expanding gas cloud accelerates projec:iles due to plasma drag. To date, we have 
utilized projectiles consisting of 100p Sic, 100 and 400p A1203, 100 and 14Sp 
olivines. Since many particles are accelerated in a given experiment, there is a range 
of velocities for each shot as well as some particle breakup. Advanced diagnostics 
techniques allow determination of impact coordinates, velocity and approximate size 
for as many as 50 individual impacts in a given experiment. We rourinely measure 
velocities in the range 1-1 5 kmlsec. The fastest particle velocity measured to date has 
been 25 km/sec. 

We have used this facility to study a variety of impact generated phenomena on 
coated surfaces, both paint and plastic, thermal blanket material, solar cell arrays and 
optical materials such as glass and quartz lenses. 

-- This paper will describe in detail the operating characteristics of the gun, the 
advanced diagnostic scheme and the results of studies of crater morphology. 
Projectile residue analysis, as a function of impact velocity for the materials listed 
above, will also be discussed. Wherever possible, these results will be compared to 
those obtained by LDEF investigators and future experiments suggested which could 
help to explain unique features associated with LDEF impacts. 
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During the t!pree month deintegration of LDEF, the M&D SIG generated approximately 5f33 digital color 
stereo image pair; of impact related features from all space exposed surfaces. Currently these images are being 
processed at JSC to yield more accurate feature information (e.g., the depth and diameter cf the crater with 
respec; to the original target surf=). An earlier paper (1) describes the theory and practice of determining this 
3dimensional feature information from sterea imagery. In practice, matchjng data points (tiepin&) are selected 
by an analyst from each of the images for several points on the original target surface so that wrrections may be 
made for differences between the system focal plane and the target surface (i.e., rotations and offsets). Then 
tiepints for ir.*?ct related features are selected and heigh4 for each p in t  are calculated with respect to the 
original target surface. Work is currently underway to determine the m;;~imum number of data point; necessary 
to paranletrically define impact crater morphologies in order to mininiize the ,nm-hour intensive task of tiepoint 
selection. 

Initial attempts at deriving accurate crater depth and diameter measurements from binocular imagery were 
based on the assumption that the crater geometries were best defined by a paraboloid (a 3dimensional parabola). 
We made no assumptions regarding the crater depthfdimeter ratios but instead allowed c ;rch crater to define its 
own coefficients ly performing a least-squares fit based on user-selected tiepoints. Initial test cases resulted in 
larger errors (on the order of 10%) than desired, so it was decided to test our basic assumption that the crater 
geometries muid be parametrically defined as paraboloids. The method for testing this assumption was to 
carefully slice tePt craters (experimentally produced in an appropriate aluminum alloy) vertically through the 
center resulting in a readily visible cross-section of the crater geometry. Initially, five separate craters were cross- 
sectioned in this fashion. A digital image of each cross-section was then created, and the 2dimensional crater 
geometry was then hand-digitized to create a table of XY positions for each crates. 

A 2nd order po!ynotnial (parabolic) was fitted to the data using a least-squares approach. (Note: A first order 
term was left in the equation to compensate for any rotation in the digital im~ge.) The differences between the fit 
equation and the actual data were fairly significant, and easily large enough to account for the errors found in the 
3.D fits. The differences between the curve fit and the actual data were consistent tx:.vp.b3a the craters (i.e., the 
curve fit was always 6%-9% deeper at the base, narrower in the middle, and 6%-10% wider at the ~.rlbient 
surface). This oonsisiency suggested that the differences were due to the fact that a parabola did not sufficiently 
define the generic crater geometry. Fourth - ;der and sixth order equations were then fitted to each crater cross- 
section, and significantly better estlmates c; the crater geometry were obtained with each fit. (No attempt was 
made to fit odd order equations due to the assumption that the crater geometries are axially symmetric.) It * 

i 
should be noted that the fourth order fits resulted in consistent differences between the fit equations and the 

. .  . . . actual data (3564% sh~!lower and 1%-2% wider), while the sixth order curve fits resulted in inwnsister;: 
differences (+/- 2% depth and +/- 1% diameter), implying that a sixth order curve ,It best describes the cram 
geometry. Work is presently underway to deo~lmine the best way to m a t  use of this new parametric crater 
definition, 

REFERENCES - See, T.H., Allbrookr M.K, Atlun~on, D.R., Sapp, C.A., Simon, (1 G., and Zolensky, M.E. 
(1391) Meteoroid & Debris Special Invesiigition Group: Data Acquisition i3rocedures. LDEF - 69 Mwths In 
Space. First Post-Retrieval Symposium, NAS.4 CP-3134,1992. 
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The Ion .Seam Textured and Coated Surfaces Experiment (IBEX, was designated S1003 on 
LDEF at a locai\n 98 d e g m  relative to the ram direction. Thirty-six dive= materials were 
exposed to !he micrmetecroid (md some debris) environment for 5.8 years. Optical property 
measurements indica~d no changes for almost all of the materials except S-13G. Kapton, ar.C 
Kapton-coated surfaces, md these change., can be explained by other environmental efftcis. From 
rhe predicted micrometeoioia flux of r:ASA SP-8013, no changes in optical proputs  of tho, 
s~rfaces due to micrometeoroids were expected. Howe*~er, there were hypervelociry impacts or* 
the various diverse materias flown on ZBEX. The characteristics of these cr2te1-s were doc men:?^! 
ushg scanning electron microscopy (SEM) and are pwe..ted in t+is paper. 

Intemt in olacing large solar concentratorlsolar dyn,mic systems in space for power 
generation has again brought L up a coucern for maintaining the integrity of the optical properties of 
highly specular nflecting 2,. faces in t f ~  near-Eatth space environment. It ..as been .;hewn that 
highly reflective polished mctals and thin film coatings degrade when cxposed to simulated 
rnicrcl~eteoroi4s in tk lat .,raiory. At NASA Lewis Research Uentzr. a shxk tube was used to 
simulate the phe~oinenon of micrometzoroid optical properties of surfaces exposed to this impact 
were then evaluated. A calibratsd sensor, 2,000A Allstainless steel. was develop1 to not only 
detect the small size micn meteoroid environment, but also to evaluate the degradation of the optic! 
p-cqerties of thin alun~inurn films in space. This sensor was flown on LDEF experiment S 1003 
and dso on the OSO 111 and SERT 11 satellites that were launched in 1967 and 1970, respectively. 
No ckmges ir, the optical properties of the highly reflective surface sensor on SERT I1 were 
meas-ired during 20 ysars in -pace. The results, as determined by the accuracy of the sensor, 
indicate Aat a highly reflective surface should lox less th.m 1 percent of its specular reflectance in 
rmr-Earth orbit during 20 years. 
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ABSTRACT 

The LDEF Interplanetary Dust Experiment (IDE) was unique in pmv~ding .I time history of impacts of 
micron-sized particles on six crtbogonal faces of W E F  during the fust year in orbit. The value of this 
time resolved data dependea on and was enhanced by the proper operation of some basic LDEF 
system. Thus the value of the data is greatly enhanced when the location and orientation of LDEF is 
knowr. for each time of impact. The location and velocitv of LDEF as a function of time can be 
caiculated from the "two-line elements" published by : : 1 A Goddard Space Flight Center during the 
first year of the LDEF mission. The attitude of LnEE 'was passively stabilized in a gravity-gradient 
mode and a magnetically anchored VISCOUS damper was used to dissipate roll, pitch, and yaw motions. 
Finally the IDE used a standard LDEF Experiment Power and Data System (EPDS) to collect and store 
data and also to provide a crystal derived cixk pulse (1 count every 13.1072 secondsj for ail IDE time 
measurements. All that remained for the IDE uas to provide a system to calibrate the clock, 
eliminating accuniulative emon, and also verify the attitvde of LDEF. 

The IDE used solar cells on six orthogonal faces to 3bsewe the LDEF sunrise and provide data about 
the LDEF attitude. The data was reconled by the EPDS about 10 times per day for the fmt 345 days 
of the LDEF mission. This data consist of the number of IDE counts since the last LDEF sunrise and 
the status of the six solar cells (light or dark) at thc time of the last IDE count. The EPDS determined 
the time that data was recorded and includes with each record the master EPDS :lock counter (1 count 
every 1.6384 seconds) that provided the range and xsolution for time measurements. The IDE solar 
cells provided daa tor ar! excellent crock calibration, mecting their primary purpose, and this paper will 
present the ti1 ?e resolved LDEF attitude mmsuremen:s that can be gleaned from this data. 

1Instit~te for Space Science and lecnnology, Gainesville, FL 32609 
2University of Florida, Gainesville, FL 3261 1 
3Noith Carolina State Un~versity, Raleigh, NC 27695 
WASA Langley Research Center 
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ABSTRACT 

The electronic s e r i  of the 1nterpl;inetw-y Dust E x p e h n t  (IDE) recmrded precise impact 
times and approximate directions for subrnicron to -100-micron size particles on all six primary 
sides of the spacecraft fa the first 346 days of the LDEF orbital mission. Reviously-reported 
analyses of the timed impact data have established their spatietemporal features, including the 
demonstration that a preponderance of the particles in this regime are orbital debris a d  that a large 
fraction of the debris particles are encountered as megameter-size clouds, some of which persist for 
long times. Short-term fluxes withirl such clouds can rise several orders of magnitude above the 
long-term average. These findings are consistent with the results of the first catastrophic 
hypervelocity laboratory impac's on a real satellite, recently reported in the pxss. 

Analysis continues on the geometric and evolutionary characteristics of these clouds, as 
well as on the isolation and characterization of the natural mimmeteoroid component in the IDE 
data, but the unexpectedly large short-term variations in debris flux raises the question of how 
representative an indication of the m ~ l 5 ~ p . r  average flux is given by the nearly one year of timed 
data. It has therefore always been one of the goals of IDE to conduct an optical survey of the 
craters on the IDE detectors, to obtain full-mission fluxes for comparisons with the timed data. 
This work is underway, a:. d the resdts presently in hand are signigicmt. Optical scanning of the 
ram and wake (East and West) panels is complete, and it is clear that the first year was in some 
respects representative of the, subsequent years. The 5.75-year average flux on East panel was 
!J096 of the value predicted by the average flux recorded during t!!e first year, while it was only 
34% m West ,pan::. This suggests that -hemis~hete sDacecraftlaunches are a 
s- and that that contribution is p5marily in the smaller end of the 
size distribution. This conclusion follows from the fact bat a cbsely-spaced series of launch 
failures (Titan, Delta, h ime,  Challenger) cau.sed a virtual hiatus irt launch activity during a large 

e pm of the, later years of the LDEF mission. We hope to pmvide a quan&!?cation of the partick size 
, - disthution function in this case. The optical survey is underway on Space and Earth panels, and 

these should be complete by June. Partial results );ill also be available on North and on South. 
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The Interplanetary Dust Experiment (IDE) had over 450 electrically active ultra-high purity 
metal-oxide-silicon impact detectors located on the six primary sides of the Long Duration 
Exposure Facility (LDEF). Hypervelocity micro-particles (-0.2 to -100 pm diameter) that struck 
the active sensors with enough energy to breakdown the 0.4 or 1.0 pm thick S i a  insulator layer 
separating *he silimn base (the negative electrode), and the l000A thick surface layer of aluminum 
(the positij electrode) caused electrical discharges that were recorded for the fust year of orbit. 
These disc large features, which include 50 pm diameter areas where the aluminum top layer has 
been vaporized, facilitate the location of the impacts. The high purity Al-Si@-Si substrates allow 
detection of trace @pm) amounts of hypervelocity impactor residues. 

After sputtering throu h a layer of surface contamination, secondary ion mass spectrometry 2 (SIMS) is used to create two- mensional elemental ion intensity maps of rnicmparticle impact 
sites on tlie IDE sensors. The element intensities in the central craters of the impacts are csrrected 
for relative ion yields and instrumental conditions and then normalized to silicon. The results are 
used to classify the particles' origins as "manmade", "natural" or "indeterminate". The last 
classification results from the presence of too little impactor residue (a frequent occurrence on 
leading edge impacts), analytical interference from high backgrour I contamination, the lack of 
infomation on silicon residue, the limited usefulness of data on aluminum in the central craters, or 
a corbination of these circumstances. 

Several analytical "blank" discharges were induced on flight sensors by pressing dov n on 
the sensm surface with a pure silicon shard. Analyses of these blank discharges showed that the 
discharge energy blasts away the layer of surface contamination. Only Si and A1 were detectcd 
icside the discharge zones, including the central craters, of these features. 
limitation is based on availability of the SIMS instrument of one day per week for LDEF work.) 

At the time of this writing, a total of 35 impacts on leading edge sensors and 22 impacts on 
trailing edge sensors have been ar. lyzed. Of the leading edge impacts, 4 were classified as 
manmade particles, 9 were classified as natural, and 22 were classified as indeterminate. Of the 
trailing edge impacts, 4 were from classified as manmade particles, 5 were classified as natural, 3 
were classified as indeterminate, and 10 have not been classified yet. Indeterminate classifica5ons 
may change as data analysis continues. 

Cumnt plans call for the analysis of a total of 246 impact sites on sensors from all six 
lccations on LDEF. l?h will provide a statistically significant set of micro-particle impactor 
analyses that can be compared to other LDEF and historical data. 
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ABSTRACT 

To better understand the nature of particulates in low-Earth orbit (LEq), and their cffects on 
spacecraft hardware, we are analyzing residues found in impacts on LDEF tray clamps. 
LDEF experiment trays were held in place by 6 to 8 chromic-anodized aluminum (6061.-T6) clamp 
that were: fastened to the spacecraft frame using three stainless steel hex bolts. Each clamp exposed 
an a- 9 of approximately 58cm2 (4.8m X i2.7cm X .45cm, minus the bolt coverage). Some 337 out 
of 774 LDEF tray clam~s have beer, archived at JSC and are available through the Meteoroid & 
Debris Special Investigation Gro-ip (M&D SIG). 
Optical scanning of clamps, starting with Baymow A01 and working toward I -5, is being conduded 
at JSC to locate and document impacts as small as 40 microns. These impzcts are than inspected by 
Scanning Electron Microscopy/Energy Dis-wrsive X-ray Analysis (SEMIEDXA) to select those 
features which contain appreciable impsct residue material. Based upon the  omp position of 
projectile remnants, and usir,g criteria developed at JSC, we have made a preli~inary discrimination 
Letween micrometeoroid and space debris residue-containing inpact feiihres. Pr~sently, 13 
impacts containing significant amounts of unmelted and semi-melted nicrometeoritic residues were 
fonvarded to Centre National dlEtudes Spatiales (CNES) in Frsnce. At the CNES facilities the 

' , - . upgraded impacts were arialyzed using a JEOL T330A SEM equlpped with a NORAN Instruments, 
Vujager X-ray Analyzer. A11 residues were quantitatively characterized by mniposition (including 

.. oxygen and carbon) tt: help undersiand interp!mti.,iy dust as possibly ~ e i n g  derived from comets and 
asteroids. 
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ABSTRACT 

Impact craters >30um and associated projeaile residues have been analyzed by Scamng Electron 
Microscopy (SEM) and Energy Dispersive X-ray halysis (EDXA). Objectives were to analyze a 
statistically significant number of projectiles to evaluate their chemical variability and possible 
clustering into discrete particle types. Bay A l l  exposed six collector surfaces of anodized 1100-T4 
(>99% pure) aluminum sheets, 0.32 cm thick, yieldirig an exposed surface area of 1.1 m2. Four of 
the six panels have been rlo,tained at JSC, and were optically scanned, one (A11,EIK)E) was prepared 
for SEMIEDX analysis. Bay A03 was occu ied by high purity (99.99%) gold sheets, 0.5 mrn thick, 

?! yielding an exposed surface area of 0.85m . Sample processing included the optical scanning (6X), 
labeling, and dislodging (by a punch-die device) of each individual impact greater than 75um for the 
aluminum and 30um for che gold. 209 craters were dislodged from AllEOOE, having crater 
diameters up to 3500um. Optical examination of h e  gold surfaces detected 238 craters, 198 of 
which .were re&i,n_ed at 3SC and analyzed via SEM/EDX. The analytical procedures included 
maximizing the geometric efficiency ('rake-off angles), using relativdy long count times (500-1W 
sec) and sufficiently high acc~ierating currents (2530Kev). Despite diligent examination, a large 
n v d x r  of did not exhibit measurable signals above background. Detectable residues were 
classified as either micrometeoritic or as man-made debris. 
MICROMETEORITIC: Approximately 35% of the A l l  impacts were determined to be natural 
rnicr.rometeoritic in origin. Subclasses of natural particles \;ere also established as: (1) "chondritic"; 
(2) Monomineralic silicates of olivine and pyroxene; (3) Fe-Ni rich sulfides. Tray A03 contained 57 
impacts classifisr! as natural, all of which fell iilto ths three subclasses. Furthermore, a significant 
pcrtion of natural residues are present as relatively large, unmelted particles, which will permit 
detailed phase studies via Transmission Electron Microscopy or other methods. 
ORBITAL DEBRIS: Man-made debris is present as Fe, Ni, Cr (stainless steel), Ti, Zn, C1 
(spacecraft paint), Ag and Cu (electrical components) About 8% of the craters from AllEOOE fall 
into this classification. The trailing edge surfaces revealed 30 craters (15%) produced by man-msdc 
particles. The dominant species (80%) reveals only aluminum lines in EDXA, the remaining 20% 
are akin to the man-made  articles on the A l l  collectors. The significant number of alunicum 
projectiles detected on the gold surfaces makes us suspect that many aluminum impactors will 
remain un&tce~S!z 92 cur Ain collectors and other exposed surfaces comprised of aluminum. 
NO RESIDUE: Less than 50% of the impacts into these (metallic) infinite half-space targets yield 
sufrlcient quantities of projectile material to permit detection. Some possess m o r .  ,!agies 
indicative of very high encounter speeds, this would significantly reduce the initial prr' "tile mass 
nzcded and dilute resic :s present '. the impact feature. Also, in such collisions much of the 
prclj'ectile may be completely vapo,~ ...~d and/or ejected beyond the local region of the resulting 
crater. 
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ABSTRACT 

The extraterrestrial xeteoroid residue found lining craters in LDEF aluminum xi~d 
gold targets is highly variable in both quantity and type. In typical craters only a minor 
amount of reside b found and for these craters it is evident that most of the impacting 
projectile was ejected during crater formation. Less than 10% of the craters >100pm 
contain abundant residue consistent with survival of a majw fraction of the projectile. In 
these cases ;be residue can be seen optically as a dark liner and i t  can easily be analyzed 
by SEM-EDX iechniques. Becausc they are rare, the, craters with abundant residue must 
be a biased sampling of the r,ieteoroids reaching the eat th. Factors that favor residue 
retention are low impact velocity and material properties such as high melting point. In 
general the SEM-EDX observations of craer residues are consistent w~th  t h ~  properties 
of chondritic meteorites and interplanetar] d:~st particles collected in the str~~osphere. 
Except for impacts by particles dominated by single minerals w~ch as FeS avid olivine, 
most of the residue compositions are in broae agreement with the major elerlent 
compositions of chondrites. In most ccLses the residue is i thin liner on t t -  m t e r  floor 
and these craters s c  difficult to3 quantjatively analyze by EDX techniques beczuse the 
electrcm haxi excites both residue and underlying metal substrate. In favorable cajzs the 
liner is thick and composed of vesicular glass with imbedded FeNi, sulfide and silicate 
grains. in the best c-ses of meteoroid prwmation the crater is lined with large numbers 
of unmelted mineral grains TIC projedles fragncnted into micron siixd piecss but the 

, - -  fragments survived without melting. In one case the grains contain linear defects that 
appear to ';: solar flare Uacks. Solar flare tracks x e  c. ;mrnon properties of sma!! 
interplanetary particles and their preservation during impact implies that the fragments 
were not heated above GOOC. We are investiga!ing the meteoroid fragrr - rts in LDEF 
metal craters to determine the prcqwties of interplaq :my dust and to dekmine if there 
are meteoroid types that are overlooked or otherwise undetected in cosmic dust 
collections obtained from the stratosphere and polar ice. 

EXPERlMENT NO. A01 87- 1 
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ABSTRACT 

LDEF Experiment A0187-2 consisted of 237 capture cells, 120 on the leading edge and 1 17 on 
the trailing edge. Each cell was made of polished Ge plates covered with 2.5 p.m thick mylar foi! at 
200 pm from the Ge. Although all leading edge cells aid 105 trailing edge cells had lost thei 
plastic covers during flight, optical and electron microscope exarriination revealed extended impacts 
in bare cells from either edge that apparently were produced by high velocity projectiles while the 
plastic foils were still in place. 

Detailed optical scanning yielded 53 extended impacts on 100 ban cells from the trailing edge 
that were selected for SIMS chemical analysis. Lateral multi-elemen t ion probe profiles were 
obtained on 40 of these impacts. Material that can be attributed to the incoming projectiles was 
found in a.U analyzed extended compact features and most setm to be associated with cosmic dust 
particles. However, LDEF deposits are systematically enriched in the refractory elements Al, Cd 
and Ti relative to Mg and Fe when compand to IDPs collected in the stratosphere atrd to chondritic 
coinpositions. These differences are most likely due to elemental fractionation effects during the 
high velocity impact but real differences between interplanetay particles captuxd on LDEF and 
stratospheric IDPs cannot k excluded. 

Recently we extended our studies to cells from the leading edge and the covered cells from the 
trziling edge. The 12 covered cells contain 20 extended impact candidates. Ion prob: analysis of 3 
yielded results similar to those obtained for impacts on the bare cells from the trailing edge. Optical 
scanning of the bare leading edge cells also reveals many extended impacts (42 on 22 cells scanned 
to date), demonstrating that t!x cover foils remained umct at least for some time. However, SlMS 
analysis showed elements that can reasonably be attributed to micrometeoroids in only 2 aljr of 1 1 
impacts. 8 impacts have residues dominated by A1 and one dominated by Ti, indicating a 
preponderance of arbital debris in leading edge impacts. 



FURTHER ANALYSIS OF LDEF FRECOPA MICROMETEROID REMNANTS 

J. Borg, Institut d'Astrophysique Spatide, 91405 Orsay (France); T.E. Bunch, Planetary Biology 
Brancn, NASA AMES Research Center, Moffett Field, CA 94035 (USA) and F. Radicati di 
Brozolo, Charles Evs:is & Associates, 30i Chesapeake Drive, Redwood City, CA 94063 (USA). 

Experiments dedicated to the detection of interplanetq dusr particles (IDPs) have been exposed 
within the FRECOPA payload , installed on the face of LDEF d i t l y  opposed to the velocity vector 
(west facing direction, location B3). We were mainly interested in the analysis of hypervelocity 
impact features of sizes I 10 pm, found in thick A1 targets devoted to the research of implct features, 
a few cm2 of which were loaned to us by J.C. Mandeville, P.I. of the FRECOPA experiment. In the 
15 craters found in the scanned area (- 4 cmz), the chemical analysis suggests an extraterrestrial 
origin for the impacting panicles : the main elements we identified are usually refered to as 
"chondritic" elements : Na, Mg, Si, S, Ca and Fe are found in various proportions, intrinsic A1 being 
masked by the A1 target; we notice a strong depletion in Ni, never observed in our samples. 
Furthermore, C and 0 are present in 90% of the cases; the C/O peak height ratio varys from 0.1 to 3 
(1). 

Impactor simulations by light gas gun hypervelocity impact experiments have shown that 
meaningful biogenic element and compound information m y  be obtained from IDP residues below 
impacts of critical velocities, that are 1 4 km sec-1 for particles larger than 100 pm in diameter (2). 
Our results obtained for the smaller size fraction IDPs suggest that at such sizes, the critical velocity 
could be higher by a factor of 2 to 3, as chemical analysis of the remnants were possible in all the 
identified impact craters, performed on targets possibly hit at velocities 2 7.5 kmls, which is the 
spaececrafi velocity (3). 

These samples are now subjected to an imagery and analytical protocol that includes FESEM 
(field emission scanning electron microscopy) and LIMS (laser ionization mass spectrometry). The 
LIMS analyses were performed using the LIMA-ZA instrument at CHARLES EVANS & 
ASSOCIATES. The instrument was first operated in the single laser probe mode, allowing for an 
atomic identification. On some particular events, carac-erised by a high C/O ratio, the instrument will 
be operated in the double laser pmbe mode, allowing for a molecular identificati~n. 

Resclts will be presented, clearly indicating that such small events show crater features 
analogous to what is observed at larger sizes ; our first analytical results, obtained for 2 events (called 
P6 and PlO) suggest that N is present in the IDPs remnants in which C and 0 have been identified by 
EDX analysis. In one case (P6), enrichment in K and P is observed. Surface contamination by NaCl 
is evident on the FKECOPA surfaces. 

(1) - J. Borg.1 J-P.Bibring, J-CI. Mandeville, B.Vassent and R.Lava1 "Micrometeroid analysis 
board FRECOPA payload". To be published in "H.I.S.Workshop proceedings", University of Ken 
at Canterbury ed. (Dec 1991). 

(2) - T.E.Bunch, F. Radicati di Brozolo and P. Schultz "LDEF crater and impactor simulations by 
light gun hypervelodty impact experiments". To be published in "H.I.S.Workshop proceedings", 
University of Kent at Canterbury ed. (Dec 1991) 

(3) - H.A. Zook "Meteroid directionality on LDEF: Astero'idal versus cometary sources and how to 
obtain an effective velocity for beta meteroids". 1'0 be published in "H.I.S.Workshop proceedings", 
University of Kent at Canterbury ed. @ec 1991). 



PREDICTED AND OBSERVED DIRECTIONAL DEPENDENCE OF 
METEOROID/DEBRIS IMPACTS ON LDEF THERMAL BLAVKETS 

EsA/ES:EC 
220 AG Noordwijk, The Nethe~lands 

ABSTRACT 

The number of impacts from meteoroids and space debris particles to the various LDEF 
rows is calculated using ESABASEIDEBRIS, a 3-D numerical analysis tool. It is based on the 
latest environment flux models and includes geometrical and directional effects. 

A detailed comparison of model predictions and actual observations is made for impacts on 
the thermal bla~iiets which covered the USCR experiment. Impact featunx on these blankets have 
been studied intensively in European laboratories and hypervelocity impacts for calibration hake 
been performed. 

The thermal blankets were located on all LDEF rows, except 3.9, and 12. Because of their 
uniform composition and thickness these blankets allow a direct analysis of the directional 
dependence of impacts and provide a unique test case for the latest meteoroid and debris flux 
models. 



OBSERVATION OF FULLERENES (C6~-C70) ASSOCIATED WITH LDEF CRATER 131. 

F i l i ~ ~ o  Wadica-ti di Brozolo 
and R.H. Fleming 

Charles Evans & .4ssociates 
301 Chesapeake Drive, Redwood City, CA 94063 (USA) 

T.E. Bunch 
Planetary Biology Branch 
NASA Ames Research Center 

Moffett Field, CA 94035 (USA) 

ABSTRACT 

We report in this communication the presence of fullerenes in and around 
LDEF crater 131. This crater has a high C level associated with it, and is 
interpreted as having been produced by the impact of a C-rich micr~meteoroid.~ 
Fullerenes are large three-dimensional C structures, among which the species 
C60 (MW 720) and Cto (MW 840) are  ree eminent.^ Ful lerenes have several W 
absorption bands, hence fullerenes should be detectabir using W laser 
ionization time-of-flight mass ~pectrometry.~ 

We used the LIMA-2A instrument at CHARLES EVANS & ASSOCIATES with pulsed 
W laser (266nm) to search for high mass C species associated with LDEF crater 
1 The mass range was 0 to 1200 amu. Low ablating laser power levels were 
m e d  ( ~ 5 x 1 0 ~  W~cm-~); 200 mass spectra were acquired and summed. We observed 
high mass signals near mlz 720, exhibiting 24 amu separation, which is 
characteristic of fullerenes.4 Alkali ion signals were also observed. Litt-le 
or no C clusters of intermediate mass were observed. We interpret the signals 
around mlz 720 as fallerenes, mainly CeO+ with lower levels of C70t. We 
propose that the mechanism that produces these signals is resonant multiphoton 
ionization IREMPI).~ Tnis selective mechanism explains why low mass C cluster 
ions are not observed along with the fullerenes, since they have much higher 
ionization potentials. 

This finding is unexpected, since ap to now the search for fallerenes in 
extraterrestrial materials has not been successful.6 We rule out instrumental 
artifacts, having tested the LIMA 2A instrument with a carbon taiget under a 
variety of laser power cmditions, without detecting fulierene signals. We 
also rule out laboratory contamination of the sample, since (a) this crater 
was always under controlled conditions from the time it was cored from LDEF, 
(b) its companion, crater 874, does not exhi it fullerene signals, and (c) 
fullerene distribution decreases radial-ly outward from crater 31 suggesting a 
crater ejection origin. We conclude that the fullerenes became associated 
with crater 131 in space. Two alternative (and exciting) scenarios are being 
considered at this time, i.e., either the fullerenes were carried by the C- 
rich projectile that formed 131, or the fullerenes formed upon impact with 
LDEF. We will show the results of experiments at the NASA Ames Vertical Gun 
Facility, which nay establish some constraints on the origin of the 
fullerenes. 

REFERENCES: (1) T.E. Bunch et al., Proc. First LDEF Postretr. Sym., NASA CP 
3134 (1992); (2) W. Kraischmer et al., Nature 347, 354 (1990); (3) E.P. Marsh 
et al., Abstract, 40th ASMS Conference, Washington DC, (1992); (4) H. Kroto, 
Science, 242, 1139 (1988); ( 5 )  R. Zenobi et al., Science, 246, 1026 
(1989); (6) M.S. de Vries at al.. Lunar Planetary Science XXII, 315 (1991). 



ASTEROIDAL VERSUS COMETARY METEOROID IMPACTS ON THE LONG DURATION 
EXPOSURE FACILITY (UIEF) - 

NASA Johnson Space Center 
Houston, TX 77058 

Phone: 7 131483-5058, FAX: 7 131483-5276 

ABSTRACT 

Meteoroids that enter the Earth's atmosphere at low velocities will tend to impact the ape. side 
(that surface facing the spacecraft direction of motion) of a spacecraft at a very high rate compared 
to the rate with which they will impact an antapex-facing surface. This ratio -- apex to antapex 
impact rates -- will become less as meteoroid entry velocities increase. The measured ratio, apex to 
antapex, for 500 micron diameter impact craters in 6061-T6 aluminum on LDEF seems to be about 
20 from the work of the meteoroid SIG group and from the work of Humes that was presented at 
the first LDEF symposium. Such a ratio is more consistent with the meteoroid velocity 
dismbutiolls derived by Erickson md by Kessler, than it is with ot!!ers that have been tested. 
These meteoroid velocity distributions have mean entry velocities into me Emh's atmosphere of 
16.5 to 16.9 krn/s. 

Jackson and Zook (in a paper submitted to Icarus) have numerically simulated the orbital 
evolution of small dust grains emitted from asteroids and comets. For those asteroidal grains small 
enough (below about 100 microns diameter) to drift from the asteroid belt to the orbit of the Earth, 
under P-R and solar wind drag, without suffering collisional destruction, the following results are 
found: as their ascending or descending nodes cross the Earth's orbit (and when they might collide 
with the Earth), their orbital eccentricities and inclinations are quite low (e < 0.3, i < 20°), and their 
mean velocity with respect to the Earth is about 5 or 6 kds .  When gravitational acceleration of the, 
Earth is taken into account, the corresponding mean velocities relative to the top of the Earth's 
atmosphere iue 12 to 13 k d s .  This means that, at best, these small asteroidal particles can not 
comprise more than 50% of the particles entering the Earth's atmosphere. And when gravitational 
focussing is considered, they cancot comprise more than a few percent of those in heliocentric 
orbit at 1 AU. The rest are presumably of cometary origin. 



ORIGIN OF ORBITAL DEBRIS IMPACTS ON LONG DURATION 
EXPOSURE FACLITY'S (LDEF) TRAILING SURFACES 

d J . W  
NASA Johnson Sp;ce Center 

Houston, TX 77058 
Phone: 71W83-531, Fax: '7131483-5276 

ABSTRACT 

Orbital debris tracked by the U. S. Space Command is mostly in near circular orbit around the 
Earth. If small debris were in the same types of orbits, there would be very few orbital debris 
impacts on LDWs trailing surfaces. However, at least 15% of the impacts found on the trailing 
A03 Gold surface was found to be orbital debris impacts. This measurement suggests that the 
orbital distribution of small debris is not the same as that of larger debris. Although this is not a 
total surprise, since modeling of satellite breakups has predicted different distributions, it does 
raise questjons as to what types of orbits could be responsible for these impacts. 

A model was developed to explain these LDEF results. The mc&l calculates the expected 
debris impact crater distribution around LDEF, as a function of debris orbital parameters. The 
results show that only low inclination and highly elliptical orbits could be responsible for these 
impacts. The most commen object left in this type of orbit is an orbital transfer stage, used by the 
U. S. and ESA to place objects into geosynchronous orbit. These stages typically have orbits with 
their perigee in low Earth orbit, apogee near geosynchronous orbit, and inclinations near 28 and 7 
degrees for the U. S. and ESA, respectively. Even large hgments from satellites, which break up 
in these types of orbits, are difficult to observe from the ground; consequently, little is known 
about the number and characteristics of breakups in ihese orbits. The LDEF data suggest that these 
objects are breaking up. The LDEF data also suggest that the ratio of the contribution of small 
debris from this type of orbit to the contribution from circular orbits is about an order of magnitude 
larger than the same ratio for debris tracked by the U. S. Space Command. 



MODELLING THE NEAR-EARTH SPACE ENVIRONMENT USING LDEF DATA 

Dale R. Atkinson, Cassandra R. Coombs, Lawrence B. Crowell, Alan J. Watts 
POD Associates, Inc. 

2309 Renard Place, SE 
Suite 301 

Albuquerque, NM 87 106 
(505) 243-2287 FAX (505)243-4677 

ABSTRACT 

Near-Earth space is a dynamic environment, that is currently not well understood. In an effort 
to better characterize the near-Earth space environment, this study compares the results of actual 
impact crater measurement data and the Space Environment (SPEW) progam developed in- 
house at POD, to theoretical models established by Kessler (NASA TM-100471, 1987) and Cour- 
Palais (NASA SP-8013, 1969). With the continuing escalation of debris there will exist a definite 
hdzard to unmanned satellites as well as manned operations. Since the smaller non-trackabie 
debris has the highest impact rate, it is clearly necessary to establish the truc debris environment 
for ALL particle sizes. Proper comprehension of the near-Earth space environment and its origin 
will permit improvement in spacecraft design and mission planning, thereby redusing potential 
disas. :rs and extreme costs. 

Results of this study directly d a t e  to the survivabilit;l of fcture spacecraft and satellites that are 
to travel through andfor reside in Low Earth Orbit (LEO). M:b~c. specifically, these data are being 
used to (1) characterize the effects of the LEO micrometec)i9id and debris environment on 
s~tellite designs and components, (2) update the currect theoretical micrometeoroid and debris 
models for LEO, (3) help assess the survivability of spacecraft and satellites that must travcl 
through or reside in LEO, and the probability of their collision with already resident debris, and 
(4) help define and evaluate future debris mitigation and disposal methods. Combined model 
predictions match relatively well nrith the LDEF data for impact craters ! q e r  than 
-0.05 cm, diameter; however, for sm~i is r  impact craters, the combined predictions diverge and 
do not reflect the sporadic clouds identified by the Interplanetary Dust Experiment (ILIE) aboard 
LDEF. 'The divergences cannot cuntntly be explaind by the authors or model developers. The 
mean flux of small craters (-0.05 cm diameter) is overpredicted by Kessler and underpredicted 
by Cour-Palais. This divergcnce may be a result of P-meteoroid fluxes, elliptical orbits or a 
combination of the two. 

The results of this study illus.;ate the definite need for more intzn h e  study of the ne~lr-Earth 
space environment, particularly the small particle regime, as it is the most degrading to spacecraft 
in LEO. 



"THE IlrRERSTFdJ AR GAS EXPERIMENT: ANALYSIS IN PROGRESS" 

F. Biihler, L M * ,  
J. Geiss mld 0. Eugster 

*College of Science 
Department of Physics 
Utah State University 

Logan, Utah 84322-4415 
Phone: 8)1/750-2865; Fax: 801/750-2492 

The interstellar gas experiment (IGE) exposed thin metallic foils in onkr to collect neutral 
interstellar particles which penetrate the solar system due to heir motion relative to the sun. These 
atoms were entrapped in the collecting foils along with precipitating magnetospheric ions and with 
ambient atmospheric atoms. For the entire duration of the LDEF mission, seven of the foils 
cdiected particles arriving from seven different directions as seen from the spacecraft. In the mass 
spectrometric analysis of the trapped noble gas component, we detected the 3He, "He, ZWe, and 
2*Ne isotopes. 

In order to infer the i-topic ratios in the interstellar medium from the measured 
concentrations found in the foil piece, several lines of investigatio~i had to be initiated. The flux of 
incident noble gas atoms from the ambient atmosphere was estimated by detailed calculations. The 
con;ributions proved to be negligible, supporting the experimental evidmce. Foil and machine 
backgrounds for the four isotopes which were measured had to he assessed individually. While 
this was easy for 4He, spurious foil background of 3He had to be monitored carefully by analyzing 
unflown foil pieccs. Trapped Ne concentrations arc: not far above background. 

During the flight, a stuck electrical relay precluded the foil-trays f t m  sequencing as 
designed. Therefoxe, we could not use the waonal variation crf the direction of the incoming 
interstellar atoms to make the distinction between interstellar aii J magnetospheric components of 
the trapped particles. Istead, we had to a). the method of ste2wise heating to extract the 
interskUar component at lower temperatures than we use to extract the magnetospheric component 
(the interstellars hit the foil with lower energies than most of the magnetospherics). 

~qew limiting values for the isotopic composition of the interstellar medium, unavailable yet 
from any other metho,.! of measurement, are emerging from this analysis. 



NEW' METEOROID MODEL PREDICTIONS FOR 
DIRECTIONAL IMPAClX ON LDEF 

Neil Divine and Rene C. Agiiero 
Jet Propulsion Laboratory 

California Instituie of Technology 
Pasadena, California 9 1 109 

An extensive body of &(a, fixc meteors, zodiacal tight, spacecraft-bane impact detectors 
(Fidias, Pioneer, Gaiileo, Ulysses), and other sources, forms the basis of a new numerical mode) 
fcr the distributions of interplanetary meteoroids. For each of the five populations in this model it 
is pwible to evaluate meteoroid concentration and flux for oriented surfaces or detectors having 
arbitrary position and velocity in interplanetary space (Divine. 1992, in preparation). For a 
spacecraft in geocentric orbit the effects of gravitational focussing and shielding by the Earth have 
been newly derived with full attention to the directionality of the particles, both on approach (i-e., 
relative to a massless Earth) and at the target. This modeling approach has been exercised to 
provide an estimate of meteoroid fluence for each of several oricnted surfaces on LDEF. 

This research was pformed at the Jet Propulsion Laboratory, California Institute of 
Technology, under contract with the National Aeronautics and Space Administration. 





FOLLOW UP ON THE CRYSTAL GROWA'H 
EXPERIMENTS OF THE LDEF 

K. F. Nielsen --- 
Technical University of Denmark, Physics Laboratory I11 

DK-2800 Lyngby, Denmark. 

M. D. Lind 
Rockwell Ir~ternational Science Center 

Thousand Oaks, California 91360. 

The 4 solution growth experiments on the LDEF were presented thoroughly elsewhere. 
The CaC03-experiment, and to a certain extent also the 'ITF-TCNQ-experiments yielded 
useful results. 

In January 1992 the next series of solution growth experiments were sent to ESA for shipment 
to NASA, KSC. As on the LDEF, the SGF (Solution Growth Facility) of the EURECA-1 
contains 4 large experiments. From the beginning the planning and development of the SGF 
was based on the LDEF package, but a number of changes and improvements were introduced. 
Still the basic concept has been maintained, and the CaC03-experiment, that showed the best 
results on the LDEF, will now be repeated with improved technology and in a larger scale on 
the EURECA- 1. 

The contents of the 4 SGF experiments are as follows: 

1. Growth of Calcium-Carbonate Crystals. 
2. Formation and Transformation of Tri-Calcium-Phosphate. 
3. Growth of Zeolite Crystals. 
4. Soret Coeflicient Measurements (Diffusion). 

The scientific background for the choice of experiments and the major improvements of the 
SGF will be reviewed. 

Furthermore some ideas on basic microgravity solution growth experimentation from ESA's 
newly established EWG (Expert Working Group) on solution growth will be reported. 
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LDEF MATERIALS OVERVIEW 

NASA - Langley Research Center 
Hampton, VA 23665-5225 

Phone: 8041864-3492, Fax: 80418647729 

ABSTRACT 

The flight and retrieval of the National Aeronautics and Space Administration's Long Duration 
Exposure Facility (LDEF) provided an opportunity for the study of the low-Eanh orbit (LEO) 
environment and long-duration space environmental effects (SEE) on malerials that is unparalleled in 
the history of the U.S. space program. The 5-ymr, %month flight of LDEF greatly enhairced Lhe 
potential value of all materials on LDEF to the international SEE community, compxed to that of the 
original I-year flight plan. The remarkable flight attitude stability of LDEF enables specific analyses 
of various individual and combined effects of LEO environmental parameters on identical materials on 
the same space vehicle. NASA recognized this potential by forming the LDEF Space Environmental 
Effects on Materials Special Investilgation Group (MSIG) to address the greatly expanded materials 
and LEO space environment parameter analy.;is opportunities available in the LDEF structure, 
experiment tnvs, and corollary measurements, so that the combined value of all LDEF materials data 
to current and future space missions will be addressed and documented. 

This presentation provides an overview of the interim LDEF materials findings of the principal 
investigators and the Materials Special Investigation Group. These revelations are based on 
observations of LEO environmental effects on materials made in-space during LDEF retrieval and 
during LDEF tray deintegration at the Kennedy Space Center, and on findings of approximately 1.5 
years of laboratory analyses of LDEF materials by the LDEF materials scientists. These findings were 
extensively reviewed and discussed at the MSIG-sponsored LDEF Materials Workshop '91. The 
results are presented in a format which categorizes the revelations as "clear findings" or 
"confusinglunexplained findings" and resultant needs for new space materials developments and 
ground simulation testing/analytical modeling, in seven categories: MaterialsIEnvironmental 
Parameters and Data Bases; LDEF Contamination; Thermal Control Coatings and Protective 
Tmtments; Polymers and Films; Polymer-Matrix Composites; Metals, Ceramics, and Optical 
Materizk; Lubricant, Fastener, Seal, and Adhesive Materials. The utilization of LDEF materials data 
for future Inw-earth orbit missions will also be discussed, concentrating on Space Station Freedom. 

In generai, the LDEF data is remarkably consistent; LDEF will provide a "benchmark" for 
materials design data bases for satellites in low-Earth orbit. Some materials were identified to be 
encouragingly resistant to LC') SEE for 5.8-years; other "space qualified" materials displayed 
significant environmental degradation. Molecular contamination was widespread; LDEF offers an 
unprecedented opportunity to provide a unified perspective of unmanned LEO spacecraft 
contamination mechanisms. New material development requirements for long-term LEO missions 
have been identified and current ground simulation testing methodddata far new, durable materials 
concepts can be validated with LDEF results. LDEF findings are already being integrated into the 
design of Space Station Freedom. 

a 
MATERIALS 

SPECIAL INVESTIGATION GROUP 
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DATABASES FOR LDEF RESULTS 

f f - H l a d  
The Baeing Company 

Defense & Space Group 
P. 0. Box 399 MIS 8H-01 

Seattle, WA 98124 
Phone: 2061773-6892, FAX 2061773-3542 

ABSTRACT 

One of the objectives of the team supporting the LDEF Systems and Materials Special 
Investigative Groups is to deveiop databases of experimental findings. These databases identify 
the hardware flown, summarize experimental results, conclusions, and provide a systems for 
acknowledging investigators, tracing sources of data, and future design suggestions. To date, 
databases covering the Optical experiments, and Thermal Control materials (chromic acid anodized 
aluminum, silverized Tcflon blankets, and paints) have been developed at Boeing. We uwd the 
Filemaker Pro software, the database manager for the Macintosh computer produced by the Claris 
Corporation. It is a flat, text-retrievable database that provides access to the data via an intuitive 
user interface, without tedious programming. Though this software is available only for the 
Macintosh computer at this time, copies of the databases can be saved to a format that is readable 
on a personal computer as well. Further, the data can be exported to more powerful relational 
databases, capabilities, and use of the LDEF databases and describe how to get copies of the 
database for your own research. 

. . Experiment No.: -of several 
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MATERIALS -4ND PROCESSES 
TECHNIChL INFORMATION SYSTEM 

(-1s) 
LDEF MATERIALS DATABASE 

John M. Davis 
NASA Marshall Space  light Center 

Materials Selection and Control 9f f ice 
Huntsville, A1 . 35812 

Phone: (205)544-2494, Fax: (205)544-5786 

John W. Strickland 
BAMSI, Inc. 

Huntsville, Al. 35806 
Phone: (205)544-7375, Fax: (205)544-7372 

ABSTRACT 

The Materials and Processes Technical Informatior? System 
(MMTIS) is a collection of materials data which has been 
computerized and is available to engineers in the aerospce 
comrrmnitl involved in the design and development of spacecraft 
and related hardware. Consisting of various database segments, 
MAPTIS provides the user with information such as material 
proprties, test data derived from tests specifically conducted 
for qualification of materials for use in space, verification and 
control, project management, material information, and various 
administrative requirements. A recent addition to the project 
management segment consists of materials data derived from the 
LDEF t'lignt. This tremendcus quantity of data consists of both 
pre-flight and post-flight data in such diverse areas as 
optical/thermal, mechanical and electrical properties, atomic 
concentration surface analysis data as well as general data such 
as sample placement on the satellite, A-O flux, equivalent sun 
hours, etc. Each data point is refsrenced to the primary 
investigator(s) and the published paper from which the data was 
taken. The MAPTIS system is envisioned to become the central 
location for all LDEF materials data. 

This paper will consist of multiple parts, consistkg of a 
general overview nf the W I S  System and the types of data 
contained witbin, and the specific LDEF data element and the dzta 
contained in that segment. 



LDEF MA7'EfUALS DATA Ah ALYSIS: REPRESENTATIVE EXAMPLES 

. . ; 
Defense and S p  Group 
P. 0. Box 3999, MIS 82-32 

Seattle, WA 98124 
Phone: 206n73-2846, FAX: 206/773-4946 

This talk will present results of measurements on silverized teflon, heat shrink tubing and 
nylon tie downs on the wire harness clamps, si!vered hex nuts, and contamination deposits. Wz 
will interpret the results in terms of our m~croer.vimiments exposure rn. del and locations on the 
LDEF. Distinct changes in the surface properties of FEP were observed as a function of UV 
exposure. Significant dir7ere.r~~ in outgassing characteristics were detected for hardwm on the 
interior of row 3 relative to ideniical hardware on the interior of row 3 relative to identical hardware! 
on &y rows. The implications for in service perfomance will be nevicwed 



LONG DURATION EXPOSURE FACILITY EXPERIMENT 
MOO3 DElNTl%RATION OBSERVATION DATABASE 

s J u s u Y  
H. K. A. Kan 
J. M. Coggi 

M. J. Meshishnek 
The Aerospace Corporation 

El Segundo, CA 90245 

The four trays of the MOO03 materials experiment on LDEF contained 1274 samples from 
19 subexperiments The complete sample complement represented a broad range of materials, 
inc!ndiig thin film optical coatings, paints, polymer sheets and tapes, adhesives, and composites, 
for use in various spacecraft applications including thermal control. structures, optics, and solar 
power. Since some subexperiments included duplicate samples exposed on the leading and trailing 
edge trays, for Q week, 19 week, 40 week and 68 month durations on boih the leading and trailing 
edges, comparkns provided a valuable time h i s t r ; ~  of degradation. During t!! deintegration of 
the sukxperiments from the M0003 trays. each sample was examined using bright field, dark 
field, and Normarski tight microscopy techniques. O ~ e i  3 , O  color macmgraphs 3rd  
photomimgraphs were ma& of the condition of MOO03 trdj-s md the individual samples. 
Records of the condition of the samples, photographic records. and all available references of 
publications on posttlight analyses on each sample were collected in a database. The photographs 
provide a visual comparison of the tesponse of materials common to various subexperiments ir! 
dnerent LDEF environment$. Aerospace Corporation is distributing the dambase records and 
photographs to the general community. Information on how to access and d v e  copics of the 
photographs and written ~ecords on materials of interest from the database will be given in this 
presentation. 



THERMAL CONTROL SoRFACES EXPERIMENT (TCSS) MATERIALS 
ANALYSIS 

Donald R. Wilkeg, Edgar R. Miller 
AZ Technology, Inc. 
Huntsville, AL 35801 

Phone: 205/880-7481, Fax: 205/880-7483 

James M. Zwiener, Richard J. Me11 
NASA Marshall Space Flight Center 

Huntsville, AL 35812 
Phone: 205/544-2528, Fax: 205/544-0212 

ABSTRACT 

Materials on the Thermal Control Surfaces Experiment 
(TCSE) underwent changes in their properties during the 5.8 
years of exposure to the combined space envircment. The 
analysis of these materials is continuing and current 
results will be discussed. Some materials were 
significantly degraded such as silver Teflon, S13GL0, and 
2302; while others such as 293 and YE71 were stable. Time 
dependent flight data is provided, along with preflight and 
postflight measurements. Results are compared with other 
experiments, demonstrating the atomic oxygen (AO) ram 
effect. Atomic oxygen texturing of silver Teflon varies 
with incident angle. Even indirect exposure to atomic 
oxygen appears to be involved with surface texturing on the 
interior of the TCSE. Localized contamination occurred at 
discrete locations both inside anu on exterior surfaces. 
Most of the visible deposits were the result of the 
classical photo-enhanced contamination deposition. The 
synergism of combined space environmental - f fects is 
demonstrated by the specific localization of cJntamination 
caused by photo-enhanced deposition versus A0 removal. 
Optical degradation measurements of these contaminated 
areas, utilizing a new portable reflectometer, will be 
presented. 

EXPERIMENT NO. SOO@ 
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THERMAL CONTROL PAINTS ON LDEF: RESULTS OF SUB-EXPERIMENT 8@2- 18 

Christ~her H. Jaegers 
M.J. Meshishnek 

J.M. Coggi 
The Aerospace Coiporation 

El Segundo, CA 90245-4691 
Phone: 3 101336-8680, Fax: 3 101336- 1636 

ABSTRACT 

Several thermal contml paints were flown on LDEF. including the -~hite paints Chemglaze 
A276, S l3GLO, and YB-7 1, and the black paint D- 1 1 1. 1 he effects of low earth orbit, which 
includes UV radiation and atom ~xygen, varied significantly with each paint and its Iocation on 
LDEF. For example, samples of Chemglaze A276 located on the trailing edge of LDEF darkened 
significantly due to UV-induced degradation of the binder, while leading edge samples remained 
white but exhibited severe atomic oxygen erosion. Although the response of S 13GLO to low earth 
orbit is much more complicated, it also exhibited greater darkening on trailing edge samples as 
compared to leading edge samples. In contrast, YB-71 and D-1 1 1 remained relatively stable and 
showed minimal degradation. 

This paper will examine the performance of these paints as determined by changes in their 
optical and physical properties, including solar absorptance, surface chemical changes, and 
changes in surface morphology. It will also provide a correlation of these optical and physical 
property changes t 3 the physical phenomena that occurred ir? these mateials during the LDEF 
mission. 

EXPERIMENT NO. MOO03 



LDEF THERMAL CONTROL COATINGS POST-FLIGHT ANALYSIS 

Wayne S. Slemp and Philip R. Young 
NASA Langley Research Center 
Hampton, Virginia 23665-5225 

ABSTRACT 

The optical, physical, and chemical properties of selectcd spacecraft thermal control 
coatings exposed for 10 months and 5.8 years on the leading edge (Row 9) of LDEF are 
reported. Coatings include: quartzlsilver optical solar reflector; s i lve~d  FEP Teflon; 
S- 13GL0, YB-7 1, and A-276 white paints; 2-306 black paint; rind sputter deposited 
coatings over graphite-epoxy composite substrates. 

The solar absorptance, total normal emittance, scanning electron and X-ray 
photoelectron microscopy, and X-ray diffraction analyses will be compared for the control, 
10-month exposed and 5.8-year exposed specimens. Data suggests that the high atomic 
flus over the last G months of the LDEF mission may have substantially influenced the 
results from this coatings experiment. 



SELECTED RESULTS FOR LDEF THERMAL CONTROL COATINGS - 
Boeing Defense & Space Group 

Seattle, WA 98 124-2499 
Phone: 206fl73-2055, Fax: 20617734946 

ABSTRACT 

The investigation of space environmental effects on LDEF thermal control coatings by 
the Materials Special Investigation Group is continuing. Analyses of chromic acid 
anodize, A276 white paint, and 2306 black paint have been conducted, assessing 
performance as functions on environmental exposure. Test results from additional 
coatings, such as on scuff plates, M003, and the black chromium plate solar absorber, 
:we  been obtained. Guidelines for the use of these materials and comparisons to ground 
based test data will be presented. 



FLUORESCENCE MEASUREMENTS OF THE THERMAL CONTROL COATINGS 
ON 

LDEF EXPERIM3NTS SO069 AND A0114 

games M. Zwiener, Richard 3. Mell, Palmer N. Peters 
NASA Marshall Space Flight Center 

Huntsville, AL 3581 2 
Phone: 2051544-2528, Fax: 2051544-0212 

Donald R. Wilkes, Edgar R. Miller 
AZ Technology, Inc. 
Huntsville, AL 35801 

Phone: 2051880-7481, Fax: 205j880-748: 

John C. Gregory 
University of ~labama/~untsville 

Huntsville, AL 35899 
Phone: 2051895-6028, Fax: 2051895--6349 

ABSTRACT 

Strong fluorescence emissions were observed, during 
post flight ultraviolet light inspection of experiments 
SO069 and AC114, from some of the surfaces exposed Lo the 
space environmen~. Subseqaent wavelength measu~ceni~nts oC 
the fluorescence emission charscteristics, indicated large 
changes occurred be tween controls and exposed materials. 
Black urethane based coatings, especially ones having a 
silicone atomic oxygen protective overcoat, appear bright 
yzllow under ultraviolet exposure. Measurements showr5 inat 
the urethane based coatings had their emisalon spectra ift 
irito the visibLe wavelength range. In contsast, zinc ;.- ..de 
pigment type coatings showed a different effect, which was 5 
quenching cr reduct.ion of their f.:uorescence verscs exposure 
time . Silver Teflon bonded to aluminum with acrylic 
adhesive a l s o  showed a slight meau~zable fluorescence, which 
subsecjrrant ground testing indicates to originate from the 
acryJ.ic adhesive. 



ATOMIC OXYGEN EFFECTS ON THERMAL CONTROL AND MIRROR COATINGS: 
EVALUATION OF EXPERXMENT A0034 

er C. Lrnton 
NASA IIarshall Space Flight Center 

Huntsville, AL 35812 
Phone: 205/544-2526, Fax: 205/544-0212 

ABSTRACT 

Evaluation of the degradation attributed to contamination of 
the collector mirrors in Experiment A0034 exposed to various 
thermal control coatings on the Leading and Trailing Edges c5f 
the LDEF has provided some evidence for outgassing of coatings 
stimulated by atomic oxygen. Effects of the natural space 
environment on the coatings and mirrors, including 
particularly the effects of incident and re-directed atomic 
oxygen flux, have been investigated to determine the degrees 
of reLative influence of the natural and induced environments 
on mirror degradation. The effects of exposure of the 
coatings and mirrors have been evaluated by optical, surface 
profiling, chemical, and SEM measurements and analyses. 
Preliminary results of these analyses are discussed for 
application to both the issues of mirrar and coating stability 
to the natural environment and the spzcific issue of atomic 
oxygen stimulated outgassing. 



ATOMIC OXYGEN EWECIS ON LDEF EXPERIMENT A0171 

NASA Marsball Space Flight Cenw 
Marshall Space Flight Center, RL 35812 
Phorre: 205!544-2510, Fax: 505/544-02 12 

Radrd R. l camady,  Miria M. F i r *  
and J s c p h  K. Norwood 

NASA M a d d l  Space Flight Ca~ter 
Marshall S p  Flight Carter, AL 35812 
Vbnc: 205/544-1089, Fax: 2W544-0212 

Mass md thickness changes measured in thin film, composites, polymers, 
me&&, and paints from LDEF Experiment A0171 will be presented. Atomic oxygen 
accommodation and reactivity numbers along with morphology features are shown for 
a variety of A0171 materials. The validity of predicting fang term d o n  rates will 
be asswsed from sbort term cnvbnmeatal exposures. 



MONTE CARLA3 MODELING OF ATOMIC OXYGEN ATTACK OF 
POLYMERS WITH PROTECTIVE COATINGS ON LDEF 

E l u ? x a  
NASA Lewis Research Center 

Cleveland, OH 44135 
Phone: 2161433-2308, F ~ Y  21614334106 

Kim K. de Groh 
NASA Lewis Research Center 

Cleveland, OH 44135 
Phone: 2161433-2297, Fax: 216/43341% 

Edward A. Sechkar 
Cleveland State University 

Cleveland, OH 441 15 
Phone: 2161433-5482, Fax: 216/433-6 106 

ABSTRACT 

Characterization of the behavior of atomic oxygen interaction with materials on 
the Long Duration Exposure Facility (LDEF) will greatly assist in understanding the 
mechanisms involved, and will lead to improved reliability in predicting in-space 
durability of materials based on ground laboratory testing. A computational simulation 
of atomic oxygen interaction with protected polymers has been developed using Monte 
0.50 i&iiliques. Through the use of assumed mechanistic behavior of atomic oxygen 
and results of both ground laboratory and LDEF data, a predictive Monte Carlo model 
has been developed which simulates the oxidation processes that occur on polymers with 
applied protective coatings that have defects. The use of high atomic oxygen fluence- 
directed ram LDEF results has enabled mechanistic implications to be made by adjusting 
Monte Carlo modeling assumptions to match observed results based on scanning electron 
microscopy. Modeling assumptions, implications, and predictions will be presented, 
along with comparison of observed ground laboratory and LDEF results. 

- .- 



LDEF POLYMERIC MATERIALS: 10 MONTHS VS. 5.8 YEARS OF EXPOSURE 

Philip R. Youngand Wayne S. Slemp 
NASA-Langley Restarch Center 

Hampton, VA 23662-5225 

and 

A. C. Chang 
Lockhced Engineering and Sciencc Compm:; 

Hampton, VA 23666 

ABSTRACT 

The chemical characterization of several polymeric materials which received both 10 months and 5.8 years of 
exposure on a Row 9 experiment (A0134) is reported. Specimens include polysulfone film, polysulfonc 
matrixlgraphitc fibers s i n f '  composites, and coated and uncoated epoxy matrixlgraphite fiber ~infonxd 
composites. The effect of 10 months of exposure of an experimental siliconcontaining polyimide copolymer 
film is also reported. 

The results of infrared, thermal, x-ray photmlecmn, and scanning electron microscope analyses will be 
cornpami for the two exposures. Solution property measurtrnents on the thermoplastic polysulfone resin will 
also be presented. Molecular level efffects attributable to exposure and present in 10-month specimens are not 
present in 5.8-year specimens. This suggests that incrtased atomic oxygen fluencc toward the cnd of the 
mission may have eroded selected environmentally-indud changes in surface chemistry far 5.8-year 
specimens. 



THE VISCOELASTIC CHARACTERIZATION OF POLYMER MATERIALS 
EXPOSED TO THE LOW-EARTH ORBIT ENVIRONMENT 

v, Ph.D., P.E. 
Department of Aerospace Engineering 

Texas A&M University 
College Station, Texas 77843-3 141 

Phone (409) 845- 1694; Fax: (409) 8 4 M W  1 

Alan Letton, Ph.D. 
Department of Mechanical Engineering 

Texas A&M University 
College Station, Tex;! r ?7843 

Phone (4W) 845-1534; Fay. (409) E45-3081 

ABSTRACT 

Recent accomplishmc.its in our research efforts have included the successful 
measurements of the thermal mechanical properties of polymer materials exposed to the 
low earth orbit environment. In particular, visu elastic properties have been recorded using 
the Rheometrics Solids Analyze; (RSA II:. Cynamic moduli (E', the storage component of 
the elastic modulus, and E", the loss component of the elastic modulus) were recorded over 
three decades of frequency (0.1 to 100 rdsec) for temperatures ranging from -150°C to 
150°C. Although this temperature range extends beyond the typical use range of the 
materials, measurements in this region are necessary in the development of complete 
viscoelastic constitutive models. The experimental results have been used to provide the 
stress relaxation and creep compliance performance characteristics through viscoelastic 
correspondence principles. Our results quantify the differences between expsed and 
control polymer specimens. The characterization is specifically designed to elucidate a 
constitutive model that accurately predicts the change ifi behavior of these materials due to 
exposure. The constitutive model for viscoelastic behavior reflects the level of strain, the 
rate of strain, and the history of strain as well as the thermal history of the material. 

EXPERIMENT NO. S 1006 



OXYGEN ISOTOPES IMPLANTED IN THE LDEF 
SPACECRAE 

M S m ,  I C Lyon, E Chwitheodoredis, J D Gilmour and G 
Turner 

Department of Geology, University of Manchester, Manchester M 13 
9PL, UK Phone 44-(O)6 1-275-3842, Fax 44-(0)61-275-3947 

Depth profiles of 1 6 0  and '801160 have been measured on 
stainless steel nuts an,- copper sheet (from a grounding strap) 
recovered from the leading edge of LDEF fTray E10). The 
measurements were obtained using dynamic SIMS (secondary iorl 
mass spectromet~) using a VG Isolab 54 ion microprobe. Plots of 
*80/160 against ume, which is equivalent to depth assuming steady 
state conditions, show large depletions of up to a factor of 2 
compared to tho, l80 /160  value at sea level, at the metal surface and 
then rise to normal values in the bulk metal. The 160 current 
decreases by 2 orders of magnitude in the interior of the metal and 
the corresponding profile of anomalous 1 6 0  is strongly w e d  in the 
outer few tens of nanometers of the surface. This depth scale is 
however a tentative one based on estimated sputtering rates. 

Plots of lW /W against 11160 should be linear if two 
isotopically distinct components, one of variable concentration 
(orbital component) and one of fixed concentration (normal oxygen) 
are mixed. Data to be presented at the meeting show departures 
from linearity which result from variability In the concentration of 
normal oxygen, but nay also arise from the implantaticn of oxygen 
with a range of fractionation due to the decaying orbit of LDEF, 
sputtering of the silrface by atomic oxygen and the different 
momenta of the two isotopes due to their equal velocities. 

The potential for using this method as a means of identifying 
exposurz to low Earth orbit, de-convoluting the effects of space 
expowe from terrestrial contamination and using the implanted 
anomalous oxygen as a means of studying the atomic oxygen density 
and upper atmosphere lemperature height profile will be discussed at 
the meeting. 



Gale A. Hanrev 
NASA Langley Research Center 

Hampton, VA 23665-5225 
Phone: 804-fM-4742, FAX: W W 7 7 9 J  

ABSTRACT 

Thin film silica and/or methyl silicone have been detected on most external 
surfaces of the retriev~i LDEF. Known cources of silicone in or on the LDEF appear 
inadequate to explain the ubiqvi:ous presence of the silica and silicone films. 
Hexamethyldisilazane (HMDS) was used as the Challenger tile waterproofi1.g 
compcmd for :he Challenger/LDEF deployment mission. HMDS is both volatile 
and cnemically reactive at STP. In addition, HMDS releases NH3 which 
depolymerizes silicone RTV's. Pol yare thanes a: e also at tacked. Much of the 
silica/silicone contamination of LDEF resulted from HMDS. 



STABILITY AND REACTIVITY OF DIMETHYLETHOXYSILANE 

E. John= and Douglas I. Ford 
LeToumeau University 
Longview, TX 75607 

Phone: 903!?53-023 1, Fax: 90,31237-2730 

ABSTRACT 

Dimethylethoxysilane (DMES) is currently usea to retreat HRSI shutds tiles to provide 
a hydrophobic surface on the silica. DMES is a vuiadle, reactive siiarie *zit i;rcorpor&s 
two reactive sites, the ethoxy group and the silica-hydride group. The work reported in 
this 3aper focused on the reactivity of these two groups with silica, water, quantitative 
reagents and within DMES itself. 

From b!is p~iirni~ary study, it is ccncluded that the ~nzjcr mction of the DMES with 
silica is thmrrgh the ethoxy group although if a base is present, the hydride group can react 
also. This was confirmed by analyzing infrared spectra of the bonded DMES. DMES can 
react wibl fm moisture on the si!ica surface producing a volatile coinpound that is easily 
removed from the sirface. Deccmpsition of DhlESS produces tetramethyldisiloxane, 
diethoxydimethylsilane, dimethlysilane and silicme plylners. Therefore the stability of 
DM= with time is limited. Tliese pmducts were confirned with GCMS techniques. 
Several analytical metirds Is, quantity amount of DMES eiaer in salution or on silica 
by titrating the silica-hydride gmup were deveioped. 

The reactivity of DMES is significut to long-term use of HRSl tiles or other silica 
surfaces coated with this material and fwtht;.- work on the chemical reactivity is 
warranted. 



dv of the UV -m 

G.A. George, P.J.T. fill, J.H. O'Donnell, P.J. Pornery and 3. Rasoul 

Polymer Materials and Radiation Group 
The University of Qucensland 

Australia 4072 

Spacecdt h low earth orbit are subjected to significant levels of high energy r a d h h ,  
including UV and VUV wavelengths. The effects of UV radiation are. &zxzd over those at the 
surface of the earth, where the only incideat wavelengths are greater than 290 nm. In low earth 
orbit the incident UV wavelengths extend below 290 nm into the VUV region, where the Lyman a- 
emissions of atomic hydrogen occur at 121 nm. In addition to electromagnetic radiation, in low 
earth orbit -Do:ymer materials may also be subjected to atomic oxygen particle radiation, which will 
result in direct oxidation of !!!e polymer. 

Thus, polymeric materials for space applications must exhibit a resistance to radiation 
damage of this type. One chss of materials which have this characteristic are the fluorigated 
ethylene-pmpylene copolymen (FEP). FEP is produced commercially with a composition cf 6: 1 
ethyiene to propylene. These cqwiymers are semi-crystalline thermoplastics (crystallinity 50-6096). 
The polymers absorb radiation in the W-VUV region with the low energy tail extending to 
wavelengths of approximately 300 nm. 

Absorption of UV or VUV radiation can lead to the formation of excited states or radicals. 
Radicals are f o r d  as a result of bond scission, which may involve one of the bonds in the main 
carbon chain, in which case the molecular weight of the polymer may be reduced, or a hnd to one 
of the other atoms of the polymer, in which wse the polymer may tindergo crosslinking reachs. 

Radicals are very reactive species. They will readily undergo reactions with oxygen to form 
peroxides, for example. These polymeric peroxides are thermally and photolytically unstable and 
can be responsible for chain reactions leading to extensive polymer degradation and other post- 
irradiation effects. The primary radicals may Js react with polymer additives, such as 
antioxidants or UV stabilizers. 

- - , .  In this paper we describe an ESR study of :he radicals produced by the UV irradiation of 
FEP granules and a commercially available FEP polymer film. The nature of the radicals formed 
in the polymers has been investigated and their reactions with oxygen and additives examined. The 
thermal stabilities of the polymer radicals have also been investigated to mess the importance of 
possible post-irradiation arid ageing effects. 



LDEF RESULTS FOR POLYMER MATRIX COMIQSIIE EXPERIMENT A0 1RO 

R. C. Tenn~son 
University of Tomnto Institute for Aempacc Studies 

Tbronto, Ontario, Canada, M ~ I  1 5 ~ 6  
Phone: 41 W(i67-7710; Fax: 41 6/667-7799 

ABSTRACT 

This rtpoit presents a summvy of the results obtained todate on a polymer matrix composite 
experiment (A0 1 80) located at station D- 1 2, abut 112' off the "ram" direction. Diffemt material 
systems comprised of graphite, boron and a d d  (Kevlar@) fiber reinfoccemtnts have been studied. 
Although previous results have been prtsentcd on in-situ thermal-vacuum cycling effects, 
particularly dimension J changes associated with outgassing, additional comparative data will be 
shown from gmund-baed tats on control and flight samples. The system employed was fully 
au:omated for theml-vacuum cycling using a laser interferometer for monitoring displacements. 
Erosion of all thxe classes of materials due to atomic oxygen (AO) will also be discussed, including 
angle of incidence effects. Data from this experiment will be comp,ued to published results for 
similar materials in other LDEF experiments. Composite materials' erosion yields will be presented 
on an A 0  design nomogram useful for estimating total material loss for given exposure conditions in 
low Fmh orbit (LEO). Optical properties of these materials will also be compared with conml 
samples. 

A survey of the damage caused by microme~mids/dcbris impacts will be addressed as they 
relate to polymer matrix composites. Conelations b e w n  hole size and damage pattern will be 
given. Refcmnce to a new nomogram for estimating the number distribuiion of micrometeoroid/ 
debris impacts for a given space structure as a function of time in LEO will be addressed based on 
LDEF data. 



HIGH-TOUGHNESS GRAP-XY COMPOSITE MAERIAL EXPERIMENT 

University of Michigan 
2250 G.G. Bmwn Laboratory 
Ann Arbor, MI 48 109-2125 

Phone: 3 13-994-6662, Fax: 3 13-665-9370 

ABSTRACT 

Specially toughened T300 graphite 1 5208 epoxy composites werc fabricated with 7-pm thick 
layers of Mylar interspersed between the prepreg plies to increase frac*lre toughness. The extent of 
bonding between adjacent plies is adjusted by changing the area fraction of a matrix of evenly 
spaced 1.1-mm diameter ktes punched in the Mylar. 

This LDEF experiment was designed to measure the effects of near-earth exposure on this class 
of composites over a range of properties. M specimens are 8 plies thick, with one of two different 
cross-ply angles and with one of four different values of bonding fraction between plies. The 
mechanical properties of interest are toughness, strength, and elastic modulus. Six toughness 
specimens and nine sfrength/rnodulus specimens were manufactured and flown. 

Two additional sets of ground conaol specimens were manufactured concurrently with the 
flight speciaens: a zero-time set, tested shortly after the LDEF launch, and a full-time set tested 
after LDEF retrieval at the same time as the flight specimens. 

Although some degradation from exposure was obsemed, test results suggest that, within the 
limits set by the small number of specimens, properly coated graphitelepoxy composites of 
exceptional toughness can maintain useful mechanical properties for at least 5.8 year.; in near-earth 
orbit at altitudes of the order of 400 lan. 

EXPERIMENT NO. A001 9 



SPACE ENVIRONMENTAL EFFECTS ON LDEF COMPOSITES: LEADING 
GRAPHITWEPOW PANEL, SELECTED TRAILING EDGE SPECIMENS 

HauYwfa 
Pete George 
Sylvester Hill 

Boeing Defense & Space Group 
Seattle, WA 981 24 

Phone: 2061773-0527, FAX: 206t773-4946 

ABSTRACT 

The composite electronics module cover for the leading edge (row D9) 
experiment M0003-8 was fabricated from T300 graphite/934 epoxy unidirectional 
prepreg tape in a multi-oriented layup. This panel contained thermal control coatings 
in three of the four quadrants with the fourth quadrant left uncoated as a control. The 
composite experienced different thermal cycling extremes in each quadrant due to the 
differing optical properties of the coatings. Results will be presented on microcracki;,; 
and other LEO effects on the coated panel substrate. 

Experiment MOO0340 included graphitelepoxy, iqraphitelpolymide and graphite 
polysulfone from the leading and trailing edges of LDEF. Results of a comparative 
study of these specimens will be presented. 



EVALUATION OF LONG-DURATION EXPOSURE 
TO THE NATURAI. SPACE ENVIRONMENT 

ON THE MECHANICAL PROPERTIES OF CARBON- 
REINFORCED EPOXY AND POLYlMlDE COMPOSITES 

Richard F. Vvhnal 
Douglas W. Welch 

J. Howard Powell (retired) 
Rockwell International 

North American Aircraft - Tulsa Facility 
Tulsa, OK 741 58 

Phone: 91 81835-31 1 1 , Fax: 91 8/834-7722 

ABSTRACT 

Experiment A0175 involved passive exposure -- on oblique leading and trailing faces 
of LDEF -- of carbon-fiber-reinfwced laminates of epoxy, bismaleimide, and polyimide 
resins. Post-flight evaluation included: optical examination of exposed surfaces and 
polished cross-sections, panel weight and distortion measurements, ultrasonic c-scan 
inspection, and conventional mechanical testing of coupons machined from the 
panels. 

The principal effects on the condition of these materials from the almost six-year 
exposure to the low-earth-orbit environment were: (1) superficial erosion of the resin- 
rich surface by atomic oxygen; and (2) the development, or increase in density, of 
microcracks through the thickness of the laminates. 

The primary conclusion from the evaluation is that the structural performance of these 
materials was not measurably affected by the exposure. The observation of some 
evidence of atomic oxygen erc~sion, together with the knowledge that this erosion was 
much more pronounced in similar materials located on the leading edge of LDEF, 
confirms the need for some measure of protection for resin-matrix composites intended 
for long-term low-earth-orbit missions. Likewise, the evidence of increased 
microcracking provides a mechanism for structural degradation in these materials 
which could become critical under certain types of loading or longer periods of 
exposure. 

EXPERIMENT NO. A01 75 



EFFECrS 3F THE LOW EARTH ORBIT SPACE ENVIRONMENT ON THE SURFACE 
CHEMISTRY OF KAPT'ON POLYMIDE FILM: AN XPS STUDY 

Myung Lee. . . Javes Whiteside 

Grumman Corporate Research Center 
Bethpage, New Yodc 1 17 14 

Phone: (5 16) 575-2354; Fax: (5 16) 575-77 I6 

ABSTRACT 

Kapton H (DuPont Trademark) polyirnide specimens exposed to the low earth (LEO) space 
environment on LDEF experiment A0133 siffered significant weathering with surface erosions 
approximately 8.0 pm. Despite these effects no significant changes in bulk chemistr\* +we  been 
observed. X-ray photoelectron spectroscopy (XPS) was used to determine local cha ,A induced 
from approximately 256 (nominal hulk is 176) in 1980 vintage ground cont .ol specin-ens to 
nearly 53% in space exposed specimens. Thz greatest rncrease was observed for the divalezt 
oxygen moieties, alchough a slight increw in carbony! oxygen was also measured. Furthcr~ $lore, 
the chemical shifts of all XYS peaks of space exposed Kagton are shified to higher energy. 1 his is 
consistent with a higher oxidation state of the space exposed surface. Rnally, spice exposed 
specimens had ahtinct silicon peaks (2p 100 eV and 2s 149 eV) in their XPS spctra in agreement 
with widespread reports of silicon contamination throubhout the LDEF satellite These results an: 
discussed in terms of surface reactivity of the polyimide exposed to the LEO environment and the 
chemical natun: of contaminants deposited on flight surfaces due to sazllite outgusing. 



SURFACE ANALYSES OF m m s m  EXPOSED TO THE SPACE ENVIRONMENT ON 
lDEF 

Joseph J. Mall~n, Joseph C Uht and -1S.Hemmineer 
The A ~ S D ~ C C  Conmation 
2553 E. Ej ~egundo Blvd. 

Eil Seyndo, CA 90245 
Phone: 3 lOD86- 1619,336-5955, Fax: 3 lO/336-%46 

We have conducted a senes of surface analyses on cartnn fibertpolyaylacetylene matrix 
corrqmsites that were expo& to the spaoe environment on the Long Duration Fkposure Facility 
(LDW satellite. These comp~si't panels were arranged hi ,pain on both the lehding edge and 
trailing cdge of LDEF. None of the c~rnposites wen catastmphically damaged by nearly six .years 
of exposure to the space environment tomposites on the leading edge exhibitexi &23t 5 mil., ~f 
surface erosion, but trailing edge panels exhibited no physical appearance changes due to 
exposure. 

Scanning elemon mimscopy (SEM) was used to show that the erosion ni~tpkqlogy on 
the leading edge samples was dominated by crevasses paraikl to the fibers w i t h  triangdar cross 
sections 10 to 100 pn in depth. The edges cf the cfevasses were well defined and penetrated 
through both matrix and fiber. The &ta suggest that the carbon fibn are playing a significant ru!t 
in crevasse initiation and/or !-dargement, and in the ovaall erosion rate of &c cc~pnsite. X-ray 
photoelectron ~ t r o s c o p y  (X'S) and energy dispersive X-ray specaciscopy (EDS) results 
showed the presence of silicone and hydrocarbon contamination from hfS9ht sources. The role 
of contamination in crevasse initiation and cn!arger~lent is unknown at this tirrre. 

These W E F  mu!ts demonstrate that the prediction of iong tern atomic oxyge;., erosion 
morphology for composite miit&& from erosion data obtained on short Space Shuttle rmshns is 
~ i c u l t .  A better understanding of othc P-ct9rs such as thermal cyclirig and tnr exposure whc5 
may influence erosion is n e c e s v  LI Improx he accuracy of the predictior: s. 

EXPERIMENT NO. MOO03 
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"CHERMAL EXPANSION BEHAVIOR OF LDEF METAL MATRIX COMPOSI'IES" 
.< 

T. D& and G. L. Steckel - 
Composites Section 

Medunks and Materials Techaology Center 
TheAerospececorpotation 

P. 0. Box 92957 
tos Angeles,CA 90009 

Phone: 21 31336-7 I 16; FAX: 2 I W36- 1636 

nK effects uf space environment on the thermal expansion stability of metal matrix 
composites (graphitdA1 and graphite/Mg) will be prresented A sample f m  each category of 
metal matrix composites mounted on the leading and trailing edge were chosen for aaalysis of the 
tempemme-time-thermal strain histories. Typical thermal expansion curves over the same m g e  of 
telnperature were selected at the beginning, mid, and end of the recording duration. The thermal . - 
expansion of selected pst-flight samples we= measured o v a  the thee range of temperature , .  

in laboratory using Miche~sm laser interferometer. The ~ h m a l  strains w e  monitored 5 - 
concumntly from laser interfmniaer and a momid strain gage to &rive 



SPECTRAL INFRARED HEMISPHERICAL REFLECTANCE MEASUREMENTS FOR 
LDEF TRAY CLAMPS 

l i dkmwd 
Catspan Corporation 
Arnold Air Force Base, TN 3 7 M  
Phone: 6151455-771'9, FAX : 6151454-6348 

Brian K. Cromwell, Charles W. Pmder 
Sverdrup Technology, Inc. 
Arndd Air Force Base, TN 37389 
Phone: 5151454-4746,454-4649 

Capt. Seth D. Shepherd 
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ABSTRACT 

'Ihis paper describes infrared hemispherical reflectance measurements (2 - 15 um) that 
were made on 58 chromic acid anodized tray clamps retrieved from the LDEF spacecraft. These 
clamps had been used for maintaining the experiments in place and had been located at various 
locations about the spacecraft. Changes in reflectance ~f the tray clamps at these locations were 
conqmed with atomic oxygen fluxes at the same locations. Then doesn't seem to be a 
correlation between the two. A decnase in absorption band dcpth was seen for the surfaces 
exposed to space indicating that thtre was some surface layer erosion. In all of the surfaces 
measured very little evidence of contamination was observed and none of the samples showed 
evidence of the brown nicotine stain that has been seen so prominently in other experiments. 
Total emissivity values were calculated for both exposed and unexposed tray clamp surfaces. 
Only small diflercnces, usually less than 196, were observed. The spectral reflectances were 
measured using a hemi-ellipsoidal mirror reflectometer matched with an interferometer 
spectrometer. The rq;d s c d g  capability of the interferometer allowed the reflectance 
measurements to be made in a timely fd ion.  The ellipsoidal mirror has its two foci separated 
by 2 " and located on thc major axis. A bhckbody source was located at on:: focus while the 
tray clamp samples were lccated at the conjugate focus. The blackbody radiation was mduiated 
and then focured by the ellipsoid onto the traj clamps. Radiation reflected fiom the tray clamp 
was sampled by the interferometer by \r iewing through a hole in the ellipsoid. A sold mirror 
(reflectance -98%) was used as the nference surface. 



SURFACE ANNAYSIS OF ANODIZED ALUMINUM CLAMPS FROM NASA-LDEF SATELLITE 

H. L. Grarnmer and J. P. Wightman 
Virginia Polytechnic Institute and State University 

Blacksburg, VA 24061 

and 

Philip R. Young 
NASA-Langley Research Center 

Harnpton, VA 23665-5225 

ABSTRACT 

Surface analysis results of selected anodized aluminum clamps contziining black (2306) and white (A276) 
paints which received nearly six years of LEO exposure on the Long Duration Exposure Facility are reported. 
Surface analytical techniques including x-ray photoelectron spectroscopy (XPS), Auger electron spectroscopy 
(AES) and scanning electron microscopy/energy dispersive analysis by x-ray (SEM/EDAX) showed 
significant differences in the swface composition of these materials depending upon the position on the LDEF. 
Differences in the surface cimposition are attributed to varying amounts of atomic oxygen and vacuum 
ultraviolet radiation (VUV). Silicon containing compounds were the primary conmlinant detected on these 
materials. [Research supported by NASA-LaRC] 



COiWAMINATION ON LDEF SOURCES: DISTRIBUTION AND HISTORY -- 
The Boeing Company 

Defense and Space Group 
P. 0. Box 3999, MIS 82-32 

Seattle, WA 98 124 
Phone: 2M/773-2846, FAX: 2061773-4944 

ABSTRACT 

An overview description of contamination sources from preGi~ht. mission and post flight 
environments is presented. Examples of contamnrtuw evci;;r, ~ n r !  prnccsses from each stage of 
the LDEF mission are given. IR ,and XPS data characterizing some of he contaminant fiims will 
be shown. Propmy changes on surfaces due to contaminant films, and post-&sposition changes 
in the contarnisant films due to the spnce space environment will be reported. 



CONTAMYNATION MEASUREMENTS ON EXPERIMENT MOO03 

- 0 )  
F. Barry Siuheimcr 

The A a r ; ~ p ~ e  Co oration '% El Segundo, CA 90 5-4691 
Phone: 3 lO-336-6!W/3 10-336-7395, FAX: 3 10-336-5846 

n 

ABSTRACT 

The contamination monitors on the MOO03 experiment consisted of passive sample 
collectors to measure molecular and particulate deposition. The collectors were placed in the 
leading and trailing edpe trays of M0003. The objective was to quantify the contaminants and 
determine how contar ination affected the other materials in the trays. Duplicate collectors were 
placed inside the vacuum canisters that provided protection from the launch, ascent, deployment, 
and recovery environments. 
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Analyses of the samples show small quantities of molecular deposition on both th . .. e 1eadl"g and trailing edge trays. Silicone deposits are negligible. ?he ahminized, fused r ~ c a ,  second 
surface mirrors showed small changes in solar absorptances. This is consistent with the small 
quantities of molmlar deposits deduced from the FTIR measurements. The conclusions that can 
be made are as follows: 

1) Molecular contamination from local sources in the SSD-802 trays was s d .  
2) Return flux of LDEF outgassed products to the leading edge was sinall or consisted of 

hydrocarbons that were removed by atomic oxygen in the atmosphere. 
3 In contrast to some other LDEF experiments, negligible silicone deposition was 

observed. 
4) Silicone contamination fiom the Shuttle Orbiter during launch and deployment or 

recovery was negligible. 
The paper will also present the results of particle deposition, light scatter, and a 

micrometeoroid (or debris) impact. 
This work was performed under contract F04701-88-C-0089 with the Air Force Space Systems 
Division, AFSC, El Segundo, California 

EXPERIMENT NO. M0003 
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Bruce Keough 
Harry Dursch 

Bceing Defense and Space Group 
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A wide variety of seals. lubricants, and adhesives were used on LDF'. . This paper will 
discuss the ongoing Materials SIG investigation into the effect of the long term expocure of these 
various materials to the LEO environment. This investigation inkides the testing (.I hardware at 
Boeing, documenting and collating experimznter test results, atid deriving "lessons learned." 
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SPACECRAFT THERMAL CONTROL COATINGS. 

COWAR!ZN BETWEEN FLIGHT RESULTS ORTAINED ON LDEF AND MIR. 
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A. Paillous 
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2, Avenue E. Belin, 3 10% Toulouse-Cedex (France) 
Phone: (33) 61 55 7 1 19, Fax (33) 61 55 71 72. 

ABSTRACT 

Two flight experiments @i~ated to the study of the perfornmce of materials in space haw 
been carried out. Material samples have k e n  erposed passively 10 thc LEO environment then 
retrieved for laboratory study. 

The first experiment was conducted in the framework of the FRECOPA project and was 
flown on the h-ailing edge of LDEF (exposure to vacuum alld L"! r?.dia!ion fsr 5.5 years). 

The experiment COMES was installed outside of the MIR spa e station during an 
extmvehicular acthit).; it was exposed to vacuum, 0-atoms and U V  radiation for 1.1 year; it was 
brought hack to earth by cc;rmor?auts. Due to a lack of knowledge in the actual spacecraft attitude, 
there is a large uncertainr, in the 9-atom fluence and UV dose experienced by COMES: rr reover 
a .:uge amount of contaminants of tiiffercnt origins has been observed on the COMES samples 
after rccievai. 

In spite of that, !he diffeyence in exposure iwditions and the use of transparent filters 
protecting sonic: samples of L'C)Mi<S enable to differentiiii~ the effects of UV radiation and oxygen 
atoms. 

The. degradations measured after tnixe two flight experimen~:: on several themlal control 
coatings (pains, metallized polymeric films with and without 1TO) are co~;yred. 

The results show that: 

a) t~wion is Iower when contzminants layers are present on the sample suflace, 
b) f ,ome thermal control coatings (PSB and A276 paint?:! the degradalhn of 

optical refleckme is iess important when UV and 0-atoms are acting together; on some o t ; .~ r  
materials (PJG120 FD and S311 FD white paints, PUl and 2306 b!ack p;iints, aluntinlzed 
Kapton) the degradation seems to Sc higher under their combine:! effxi. 

c) cn one of the faces of COMES, the erosior~ of FEP is approximately equal to that 
of Kapton; on the other face it corresponds to only one tenth of the erosion of Kapton. 

d) a clear emissivity change is observed on polyurethane black paints (spccially on 
the conductive paints pigmented with gmphite) when 0-atoms ;re receivsd. 



AVWJLAR Di!3TRiBUTIONS OF 5cV ATOMIC OXYGEN 
S U i m  FROM SOLID SURFACES 
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~ustsvihe,  AL 35899, USA 
Phone: 205/b'95-6028, Fax: 205/895-6819 

P.N. Peters 
=a, Spaoe Sciince Laboratory 

NASA, Marshall Space Flight Center 
Huntsvik, AL 35812, USA 

Phone: 205i544-7?2& Fax: 2051544-7754 

The ~ngu1.x distribuiion of SeV atomic oxygeil scattered off several smooth solid siIrtk~= was 
measured by he rJAH experiment A0114 which flew on board the Long Duration Exposure Faciiity 
(IDEF). Target surfaces wcre silver, vitreous carbon and lithium fluoride crystal. The apparatw, which 
was entirely passive, has been described by Gregory and Peterdl). It uses the pmprty of silver surfaces 
to absorb cxygen atoms with high efficiency; the silver being converted to optically transmissive silver 
oxide. A collimated beam of oxygen atoms is allowed to fall on the target surface at some preset angle. 
Reflected or reemitted atoms are then intercepted by a silver film placed so that it subtends a considerable 
solid angle from the primary beam impact point on the target surface. The silver films are evaporated onto 
flexible optically-clear polycarbonate sheets which are scanned later to determine wygeil uptake. The 
device was previously iested on the STS-8 fl@t of the Space Shuttldl). 

While the silver detector cannot meamre atom velocity or energy, its physical cmfiguration allows 
easy coverage of large angular space both in the beam-plane (that which hcludes the incident beam and the 
surface normal), and in the azimuthd plane of the target surface. 

The LDEF vehicle, which was passively stabilized in 3 axes, has been shown O to have maiabined 
attitude-stability io within a few tenths bf a degree throughout the portion of the flight duricg whid! the 
majority of the oxygen fluence was experienced. This occurred late in thc flight as the orbit decayed, 
wh~ch fact is known because the attitude-measuring device also l~sed the silver-oxygen reaction0. 

The U M  experiment, LDEF A0114, entitled "The Interaction of Atomic Oxygcrh with Solid 
Surfaces at Orbital Altitudesn(9canied 3 reflectometers with An. C and LiF tareets. The devices were 
designed for nine months e x p u n ,  rather than the 5.75 years acEally experience;. In spite of the h a v y  
exposure, it ha$ proven possibie to extract the scattering infnrmation, and results on the 3 target surfaces 
will be discussed and compared, 

L -Y 

1. J.C. Gregory and Y.i!. Peters, "A Measurement of the Angular Disiribution of 5cV Atomic Oxygen 
Scattered off a Solid Surface in Low Earth Orbit" Rarefied Gas Dvnzmics 15 (11 644-656. (19%). 

2. J.C. Gregory and P.N. Peters, "Measurement of the Passive Attitudi. Control performance of a 
Recovered Spacecraft" Jwrnal of Guidance, Control ana i)vnam& (Iw), in press. 

3 . J.C. Gregory and P.N. Peters, "The In!eractirm oi  Atomic Oxygcn with Solid Surfaces at Orbital 
Altitudes" in The Lon%- Dilration Exposure Facility, eds. W. Kinard and D. Carter, NASA 5 -:-473, 
p. 14, (1 984). 



INI1ERACl ION OF A'IOMIC OXYGEN WITH THIN FILM AND BULK COPPER: 
XPS, AES, XRD kM) PROFILOMETER STUDY 

N. R a i k  John C. Gregory and Ligia C. Christ1 
The University of Alabama in Huntsville 

Huntsvilk, AL 35899, USA 
Phone: 205/895-6076, Fax: 205/895-6819 

Palmer N. Peters 
ES64, Space Science Laboratory 

NASA, Mmball L% Flight Center 
Huntsville, AL 35812, USA 

Phone: 2051544-7728, F a :  2051.544-?751 

'Tin;: University of Alabama in Huntsville (UAH) experiment A 4 1  14 was designed primarily to 
study degradation of' material surfaces d m  to U O  atmospheric oxygen. The experiment contained 128 one 
I x h  circular samples; metals, polymers, carbons and semiconductors. Half rlrf !hat samples were 
exposed on the h n t  and remaining on the rear of LDEF. 

Among metal samples, copper has shown some interesting new results. Two types of copper 
samples : a film sputter coated on fused silica ~ n d  a bulk piece of OFI-IC copper were characterized 
employing a variety of techniques such as X-ray and Auger electron spectroscopies, X-ray diffraction and 
high resolution profilomctry. Cu 2p core Imel spectra were used to characterize the prmeilce of Cu20 and 
CuO i r  additioll to Cu Auger LMM lines. These results are supported by our recent X-ray diffraction 
studies which clearly establish the presence of Cu oxides which we were unable to prove in our ear!ier 
work. Profilornetry showed an inmeex ir, thickness of the thin film sample where exposed to 106.7 0.5 
nm from an initial thickness of 74.2* 1.1 nm. Further studies with SEM and ellipsometry are underway. 

Experiment No: A 4 1  14 





OVERVIEW OF THE SYSTEMS SPECIAL INVESTIGATION 1 
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ABSTRACT 

The Systems Special Investigation Group (SIG), formed by the LDEF Froject Office to 
perform post flight analysis of systems hardware, was chartered to investigate the effects of the 
extended LDEF mission on both satellite and experiment systems and to coordinate and integrate all 
systems analyses performed in post flight investigations. 

The LDEF carried a remarkable variety of electrical, mechanical, thermal, and optical 
systems, subsystems, and components. Nineteen of the 57 experiments flown on the LDEF 
contained functional systems that were active on-orbit. Many of the other experiments possessed 
at least a few specific components of interest to the Systems SIG, such as adhesives, sezls, 
fasteners, optical cmponents, thermal blankets. 

Almost all of the top level functional testing of the active expiments has been completed, 
but many components are still under investigation by either the Systems SIG or individual 
experimenters. Results reported to date h u e  been collected and integrated by the Systems SIC dnd 
an overview of the current results and the status of the Systems Investigation are presrntal in this 
paper- 

i 

I,: 



NEW RESULTS FROM FECOPA ANALYSIS 

(System SIG Member) 
CNES Toulouse FRANCE 

18, av E. BELIN 31055 
Phone: (33) 61 28 14 39, Fax: (33) 61 27 47 32 

ABSTRACT 

" ,  

Given LDEF new situation (5,8 years mission), CNES decided to set up a team to analysc 
FRlECOPA Systems (A0 138). After t..e results presented in Orlando at the first post 
retrieval conference, this paper sr?mmit.izes our last appraisals. 

Ne studied first the Enematic system. We observed damage on DELRIN gears and 
lubricant age. ..g. The results sre based on comparative appraisals between components after 
flight and those stored oa ground in laboratory conditions. We observd also the aluminium 
surface treatment in the exposed areas and we mmured the thermo-optical properties 
chmyes. We examined after, the welding ageing of the structure. 

The second point is the analyse of shadov;s obwved on the tray. One, inside (mistRr 
shadow) and three on the back side of the tray (bolt, rivets and wire shadows). We used 
surface analysis means as X Ra; and R.B.S. to determine the origin of this contamination. 
We: worked with the m..c means on teflon glass fabric used on the back to find also the 
presence of contamination. 

Now, with al: the results stored, we try to give a ru!ing on the use of FRECOPA materials 
in spce environment (LEO orbit). 



MECHANISMS FLOWN ON LDEF 

liuauxh 
Dr. Steve Spear 

Boeing Defense 9 Space Group 
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h wide variety of mechanisms were flown on LDW. These include cz~isters, vdves, 
gears, drive train assemblies and motors. This report wvir provide the status of the Systems SIG 
effort into documenting, integrating, and developing "le..solls learned" for the variety of 
mechaiisrns flown on LDEF. Results will incluck G c ~ h  testing data developed by the various 
experimenters ai;:! data acquired by testing of hardware at Roeing. 



DE('RADATI0N OF LLECTRO-OXTIC COMPONENTS ABOARD LDEF 

M. D. Blue 
Georgia ~ s h  Research Institute 
Gc lvgia Insutute Of Technology 

Atlanta, GA 30332 
Phone: 404f894-3646, Fax: 404/894-6285 

ABSTRACT 

Remeasurement of the properties of a set of electro-optic components exposed to the 
low-earth-orbit environment aboaa LDEF indicates that most components survived quite 
well. Typical components showed some effects related to the space environment unless 
we11 protected. The effects were ohen small but significant. Results for senliconductor 
infrared detectors, lasers, LED'S, filters, mirrors, and black paints will be presented. 
Semiconductor detectors and emitters were scarred but reproduced their original 
characteristics. SpectraI characteristics of multi-layer dielectric filters and mirrors were 
found to be altered and degraded. Increased absorption in black paints indicates an 
increase in absorption sites, giving rise to eahanced performance as coatings for baffles 
and sunscreens. We find plastics and multi-layer dielectric coatings to be potentially 
unstable. Semiconductor devices, metal, and glass are more likely to be stable. 

EXPERIMENT NO. SO050 



DEGRADATION OF OPTICAL 
COMPONENTS IN A SPACE ENVIRONMENT 

Linda L. DeHainaut 
John Kenemuth 
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USAF Phillips Laboratory/LITC 

Kirtland AFB, NM 

David W. Seegmller 
W.J. Schafer &sociates, Inc. 

Albuquerque, NM 

ABSTRACT 

The objective of the Phillips Laboratory (PL) LDEF experiment is to determine 
the adverse effects of the natural space environment on laser optical co~npone~~t and 
coating materials. The LDEF experiment provides a unique opportunity for the study of 
optical material response to an extended low earth orbit space exposure. 

The PL (Formerly the Air Force Weapons Laboratory) samples consist of 10 sets 
of the six materials each. These materials are uncoated fused silica, magnesium fluoride 
coated fused silica, uncoated molybdenum, molybdenum coated with chromium, silver 
and thorium fluoride, diamond turned copper, and diam,,nd turned nickel plated copper. 
.These samples are unique among the LDEF optical samples as they were housed in 
shuttered containers and each set received a different space exposure. Of the 10 sample 
sets, two sets were never flown (controls), 1 set was flown and not exposed, and the 
other sets were exposed for 3, 6, 9 and 70 months. Four sets were located on the 
spacecraft leading edge and four sets on the trailing edge. 

Testing of the samples is divided into two phases. Phase I is restricted to visual, 
microscopic and optical evaluation. Phase I1 tests are designed performance degradation 
quantified in Phase 11. Performance degradation will be correlated to establish trends 
between sample location, duration of exposure, atomic oxygen exposure and other space 
environment conditions. 

This paper discusses the results of the tests thus far performed on the LDEF 
samples and the plans for the future. 

EXPERIMENT NO. M0003-2 
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OPTICAL CHARACTERIZATION OF CONTAMINANT FILM 
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El Segundo, C.4 90245 

ABSTRACT 

The so called "nicotine stain" documented at many locations on the 
LDEF is still unexplaified as to the exact origin and mechanism of 
deposition, although enough is known to have some understanding of 
the cona;lions coincident for the formation of the deposits. Direct 
and scattered atomic oxygen flux, and solar UV radiation interacting 
with materials outgassing products have all been implicated in the 
formation of the dark brown contamination deposits. The nicotine 
stain represents a potential of performance degradation for 
spacecraft designed for long term operation in low Earth orbit and 
therefore, a need exists to characterize this form of spacecraft 
self-contamination and quantify the impact on thermalloptical 
systems. 

Optical property measurements in the spectral range of 2 to 10 
microns were performed on specimens of the contaminant film 
taken from below the flange of an experimental tray located on row 
10 of the LDEF. Reflectance measurements of the contaminant film 
as deposited on the surface and as free standing films are presented 
along with transmission spectra for the bulk material. Thickness 
measurements and micrographic examination of the cross section of 
the deposit reveal the layered structure of the deposit which further 
implicates solar illumination as a factor in the deposition 
mechanism. 



IN ORBIT DEGRADATION OF UV OPTICAL COMPONENTS 
FOR THE WAVELENGTH RANGE 10- 140 bm. 

A0 138.3 (FRECOPA) 

J. P. Delabouinkre, 
C. Car- and J. F. Hochedez 
Institut d'htrophysique Spatiale 

Bat 120 Campus d'Orsay 
9 1405 ORSAY Cedex, FRANCE 

Phone: 1 69 85 86 68; Fax: 1 69 85 86 75 

ABSTRACT 

Optical components (thin film filters and muldayered mirrors) for use in the wavelength 
range 10- 14Op-i were included in the vacuum tight container XCECOPA in preparation for the 
SOH0 mission. They were exposed during 9 months at the beginning of the LDEF flight. One 
batch of components was exposed to the sun, while another one was shielded from solar radiation. 

The results of optical transmission measurements of the flight components and of a 
groundbase reference set, made at the ORSAY Synchotron radiation light source are presented. 



STUDIES OF EFFECTS ON OFTICAL COMPONEPTS AND SENSORS: 
LDEF EXPERIMENTS AO- 147 (ERB COMPONENTS! AND S-0014 (APEX) 

John R. Hickey 
The Eppley Laboratory Inc. 

P. 0. Box 419, Newport, RI 02840 

David J. Brinker 
NASA Lewis Research Center 

Cleveland, OH 44135 

ABSTRACT 

Some of the results of testing of optical filters and window materials and thermopile sensors of the 
two experiments will be presented. 



ETTECTS OT LONG TERM SPACE ENVIRONMENT 
EXPOSURE ON OPTICAL SUBSTRATES AND COATINGS 

(SOOSO-2)  

V m  and Ar thu r  Mustico 
Eastman Kodak Company, Rochester N . Y .  

ABSTRACT 

The experiment consisted of Fused S i l i ca  and Ultra Low Expansion 
( U L E ( t m ) )  glass samples which were e i the r  uncoated or had high 
reflectance s i lve r ,  antireflectance,  or  solar  re ject ion coatings. 
A s e t  of duplicate control samples was manufactured and stored i n  
a controlled environment for  comparison purposes. We w i l l  present 
spectral  curves for  the  glass and coatings which define pre- 
f l igh t ,  post-fl ight,  and post-cleaning performance. Data on  the 
analysis of the contaminate deposited on the samples and s t r e s s  
measurements in  the glass w i l l  a lso be presented. Some resul t s  of 
par t icu lar  in te res t  a re  tha t  the contaminate composition varied 
between d i f ferent  types of samples, and no darkening of the 
ULE!tm) g lass  occurred due t o  the rzdiation exposure. 



LDEF SPACE OPTICS HANDROOK 
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Albuquerque, NM 87 1 17 
Phone: 505!846-4439; Fax: 505/846-2290 

There is a need to present design guidelines derived from the LDEF space optics 
experir mts to hardware designers. In responhe to this need, a small study program has just bcm 
started by SAIC and POD Associates for the Phillips Laboratory. The objective is to prepare a !op- 
level review of available results on the behavior of certain optica! components in the LDEF space 
experiments. The optics inkrest centers on optical surfaces and c Angs, and fabrication processes 
for laser windows and mirrors. The program has two main parts: the first phase, one-year long, 
consists of identifying and acquiring data from the appropriate investisators. The second phase, 
ending in December 1993, comprises report preparation as well as selected, prioritized, additional 
cnaracterization of certain samples, coordinated with the principal investigators and the Phillips 
Laboratory. This short paper outlines the program under way. 



RULED AND HOLOGRAPHIC 
(A0 138-5) 

EXPERIMENT 

Instruments S.A / Jobin Yvon - Longjumeau FRANCE 
Fax n033.1 .69.09.07.21 

ABSTRACT 

The A0 138-5 experiment has been designed. via the FRECOPA (FRench Cooperadive PAyload) 
experiment with the aim to study tne optical behaviour of different d i i  gratings sudmited to 
space vacuum long exposure and solar irradiation. 

Samples were ruled and hobgraphic gratings, masters or replica. and some addiiionnal contrd 
mirrors with various coatings. 

The experiment was located on the 83, trailling edge of the L0.E.F and has been pratecid against 
Atomic Oxygen flux. The experienced thermal cycling has been waluated from - 23°C to W C  during 
the night. 34 000 orbits. 

The samples (two batches of four pieces) were located on a dedicated plate, by pair of equivalent 
gratings or mirrors, optical faces located on :he external side. The plate was inside a cannister. which 
had been opened in space for ten months. When the satellite returned to K.S.C.. the remainiw 
vacuum in the cannister was still correct. 

The analysis has been focussed on the triple point caracterization including lght efficiency. 
wavefront flatness quality and stray light level. 

Tests were conducted on contrd mirrors and gratings (ruled and hokgraphii master or r c # i )  
loaded but not exposed to cosmic dust or direct solar irradiations. They did not show any significative 
gariations. 

Solar exposure had damaged the coating (aluminum and platinum) reflectivity in the U l t ra -V i  
region, the degradation is higher with the gratings. in terins of efficiency. 
However, wavefront flatness quality and stray light level tests revealed no addiionnal changes. 



HOLOGRAPHIC DATA STORAGE CRYSTALS FOR THE LDEF 

W. Russell Callen and Thomas K. Gaylord 
School of Electrical Engineering 
Georgia institute of Technology 
Atlmta, Georgia 30352-0250 

ABSTRACT 

Lithium niobate is a significart electmoptic material, with potential applications in uiua 
high capacity data storage and pmessing systems. Lithium niobate is the material of choice for 
many integrated optical &vices and holographic mass memory systems. For crystals of lithum 
niobate were passively exposed to the space environment of LDEF. Three of these crystals 
contained voiuiie holograms. Although the crystals suffered the surface damage chascteristic of 
most of the other o p k 4  components on the Georgia Tech tray. the crystak were recovered intact. 
‘The holograms were serve17=!y degraded because of the lengthy expowre, but the bulk properties 
are being investigated to determine !k spaceworthiness for spaw rislta storage and retrieval 
systems. 



CHARACIERIZATION OF A SPACE ORBITED 
INCOHERENT FIBER OPTIC BUNDLE 

Dew& and E. W. Taylor 
AFSC Phillips Laboratory 

Space and Miiles Technology Dimtorate 
Kirtiand AFB, NM 87 1 17-6008 

Phonc: 5051846-4741 ; FAX: 505/846-22290/46- 1724 

'Ihe purpose of this paper is to report the wults  of a study performed to determine the 
effects of adverse space environments on a bundle of 1 XlO+ optical fibers space orbited for 69 
months. Experimental results z e presented on an incoherent fiber optic bundle oriented in low 
earth orbit aboard the Long Duration Exposure Facility (LDEF) satellite as part of the Space 
Environment Effects Experiment (M0006). M n a u ~ m e n t s  were performed to determine if space 
induced radiation effects changed the bundle characteristics. Data demonstrati~ig the success of this 
light transmitting fiber optical bundle to withstand the advem space environment are presented. 

EXPERIMENT No. M0006 



ANALYSIS OF SPACE ENVIRONMENT EFFECTS ON ACTIVE 
FIBER OPTIC LINKS ORBITED ABOARD THE LDEF 

J2dKwkK 
Lt. T. W. Monarski, Lt. J. N. Berry, A. D. Sanchez, 

Capt. R. J. Padden, and S. P. Chapman 
AFSC Phillips Laboratory 

Space and Missiles Technology Directorate 
Kirtland AFB, NM 87 1 17-6008 

Phone: 5051846-474 1 ; FAX: 5051846-22901846- 1724 

ABSTRACT 

This interim analysis correlates the results of the "Preliminary Analysis of WL Experiment 
N O  1, 'Space Environment Effects on Operating Fiber Optic Systems' " (NASA Report CP-3 134) 
with space simulated post retrieval terrestrial studies performed on the MOO04 experiment. 
Temperature cycling measurements were performed on the active optical data links for the purpose 
of assessing link signal to noise ratio and bit error rate performance some 69 months Cdlowing the 
experiment deploymznt in low earth orbit. The early results indicate a high correlation between 
pre-orbit, orbit recorded, and post orbit functionality of the first known and longest space 
demonstration of operating fiber optic systems. 

EXPERIMENT No. M0004 
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RADIATION AND TEMPERATURE EFFECTS ON LDEF 
FIBER OPTIC CABLE SAMPLES 

Alan R. Johnston, Ron Hartmayer, and Larry A. Bergman ---- -- - * .- 
Jet Propulsion Laboratory 

California Institute of Technology 
Pasadena, CA 9 1 109 

ABSTRACT 

This paper will concentrate on results obtained from the JPL Fiber Optics LDEF 
Experiment since the June 199 1 Experimenters Workshop. Radiation darkening of laboratory 
control samples will be compared to the LDEF flight samples. The results of laboratory 
temperature tests on the flight samples extending over a period of about nine years including the 
preflight and postflight analysis periods will be described. 



LONG DURATION EXPOSURE FACILITY (LDEF) 
LOW-TEMPERATURE HEAT PIPE EXPERIMENT PACKAGE (HEPP) 

FLIGHT RESULTS 

Roy McIntosh 
NASA Goddard Space Flight Center 

Greenbelt, Maryland 20770 
Phone: 3011286-3478; Fax: 3011284-6237 

Craig McCreight 
NASA Arnes Research Center 

Moffett Field, California 94035 

ck J. B r e w  
OAO Corporation 

Greenbelt, Maryland 20770 
Phone: 30 1!345-0750; Fax: 3011286-6237 

ABSTRACT 

The Low Temperature Heat Pipe Flight Experiment (HEPP) is a fairiy complicated thermal 
control experiment that was designed to evaluate the performance of two different low temperature 
ethane heat pipes and a n-Heptane Phase Change Material (PCM) canister. A total af 388 days of 
continuous operation with an axially groove2 aluminum fixed conductance h a t  pipe of axially 
grooved stainless steel heat pipe diode was demonstraicd before the EPDS batteries 10s: power. 
The inability of the HEPP's radiator to cool below 190°K in flight prevented frec~ing of the PCM 
and the opportunity to conauct transport tests with the heat pipes. Post flight tests showed that the 
heat pipes and PCM are still functioning. 

This paper presents a summary of the flight data analysis for the HEPP and its related 
s u ~ ~  :brt systems. Pre and Post-flight thermal vacuum test results are presmted for the HEPP 
mermal control system along with indiv~dual heat pipe performance and PCM behavior. 
Appropriate SIG related systems data will also be included dons with a "Lessons Learned" 

, .  summary. 



POST-FLIGHT ANALYSES OF THE CRYSTALS FROM THE MCd3-14 
QUAKE CRYSTAL MICROBALANCE EXPERIMENT 

Jy&&&y aand G. Radhakrishnan 
The Aerospace Corporation 
2350 East El Segundo Blvd. 

El Segundo, CA 90245 
Phone: 3 101336-7383; Fax: 3 101335-5846 

and 

D. Wallace 
QCM Research 
PO box 277 

Laguna Beach, CA 92652 
Phone: 7 14149?-5748; Fax: 7 141497-733 1 

ABSTRACT 

Quan, Crystal Microbalances constructed by QCM Research were flown on the leading and 
trai1ir.g ed es of LDEF as one of the sub-exwriments of M0003. Response of the crystals coated 
with 150 X . of lN203Znl was recorded dudlrg the first 424 days of the mission. A second QCM 
with crystals coated with 150 A was also flown but not monito~d. The flight data and temperature 
profiles will be presented. 

After the flight, the QCM's were disassembled and analyzed in The Aerospace Corporation 
laboratories. ' f ie samples included the crystals from the leading and trailing edge samples of both 
types of coatings dong with the reference crystals which were inside the QCM housing. Analyses 
were performed by scanning electron microscopy, energy disrersive X-ray analyses, X-lay 
photxlectron spectroscopy, ion microprobe mass analysis, and reflectance spectroxopy in the 
infrared and UVlvisible region. 

The crystals are csntaminated predominanlly with silicone compounds. The contamination 
is higher on the leading edge than on the trailing edge and higher on the exposed crysials than on 
the reference cry~tals. Ku significant diffe~nccs in compositioll of the In203 crystal were noted. 
Differenczs in the rcflsctance spectra and x T f ~ e  analysis of the Zns crystals will be discussed. 

EXPERIMENT NO. MOO3 



STUDY OF FACrORS DETERhaINING THE RADIATION SENSITIVLY 
OF QUARTZ CRYSTAL O!XXLATORS (A0189) 

J.S. Ahcam* J.D. Venables 
Martin Marietta Laboratories 

1450 South Rolling Road 
Baltimore, Maryland 2 1227-3898 

Previous post-flight tests of quartz resonators indicated that resomtm fahricated fnrm swtpt 
pnmium Q quartz were affected by the spim radiation environment e x p a i d  rn the WEF i 
flight. Resonat3n fahicated from natlrral qrrartz msarial were rat. Thc resonant ?'equency of the 
swep premium Q material ex& to the space radiation exhibited a change in ficquency that was 
significantly larger than that of ;l4e controls or the natural quartz merial and t h ~  ~ G ~ U = Y  change 
was attributed to a rttcovay of &.ma@ to the quartz material sustained during the U E F  flight. 
Further tests of the resonators. currently in progress, are being conducted to verify this conclusion, 
the results of which will be presented at the LDEF Symposium. 

Experiment No. A0189 



NASA Lewis R d  Center 
Qevelsnd. OH 44135 

PhoJrt: 21q433-2236, FAX: 21W33-6106 

John R Hickey 
=EPPEtyLabaaaay.h 

I'kwport, RI 02840 

Ibc A d v d  Photovoltaic Experiment (APEX), containing ov r 150 solar cells and 
muon, was designed to generate labonuory ~tfercnct standuds as well as to explore the 
durability of a widc variety of space solar cells. Located on the leading edge of WEF, in position 
E9, APEX received the maximum possibk dosage of atomic oxygen and ulmviokt rsdiation, as 
well as emonnous number of impacts fiom mbmctwmids and dtbis 'Iht effect of the LEO 
arvirauntntmthcsolarctl lsand~ofAPEXwiUbcdiscusstdinthis~a~a. Tkeon-orbit 
perf" of tht solar ails, as well as a cornparison of pre-flight and post-flight laboratory 
pafamwce measurantnts, will be prcstlatd 



LEO EFfWTS ON CANDIDATE SOLAR CELL COVER M A T E R I M  

EalmAdh 
Jet Repulsion Laboratory 

California Institute of Technology 
Pasadena. CA 9 1 109 

Phone: 8 1 813546308; Fax: 8 18/393-4272 

The LDEF (Long Duration Exposure Facility) test samples discussed herein are part of 
SAMPLE (Solar-Array-Materials Passive LDEF Experiment) which included contributions from 
NASA-MSFC, NASA-kRC. NASA-GSFC and JPL. Only the JPL portion is described in this 
paper- 

The JPL test plate. measuring approxim;ltely 24x36 cm2, contains 30 indivi Iual thin silicon 
solar cell/cover samples. Each celYcover assemhly has silver plated Invar tabs attached for hefore 
and after flight elecaical performance measurements. It was the intent of the experiment to evaluate 
the stability and protective capability of various cover materials such as conventional fused silica 
and potential alternative materials such as Teflon, silicone RTVs, g ! ~  resins, polyimides and a 
copolymer encapsulant. 

Examination of the recovered experiment shows extensive physical chmges have occurred. 
Approximately 150 micrometeoriteldebris impacts were noted. including some directly incident on 
solar cells. Numerous photographs have been obtained to illustrate interactions with cover, solar 
cell, interconnector and the substrate insulation. Of particular interest ~ I Z  the result of UV and 
atomic oxygen interactions wirh the various candidate cover materials. 

Initial results show that the conventional fused silica cover is the most stable and protective 
cover material, with the performance of the other materials varying widely. Electrical measmments 
of the celllcover samples are presented as part of the evaluation of the ability of the - ,nous cover 
materials to adequately protect the cells in the LEO environment. 





Doris A. Gf zsby 
NASAIAESP 

Oklahoma S tatc University 
S tillwater, Oklahoma 74078 

Space Exposed Experiment Developed for Students (SEEDS), a cooperative 
endeavor of NASA Headquarters, the NASA Langley Research Center, and the George W. 
Park Seed Company, resulted in the disaibutiolr of over 132,W SEEDS kits in 1W. 
The kits, sent to every state and 30 foreign countries, contained Rutger's tr~mato seeds that 

. - had flown on LDEF as well as seeds that had been stored in a climate-controi:ed warehouse 
for the same time period. Student researchers from kindergarten through university - 
compared germination and growt! cha~ctcristics of the two seeds groups and rcn~med data 
to NASA for analysis. This data, along with anecdotal information, is contained in 
SEEDS: A Celebration of Science which has been published and distributed by NASA 
Headquarters, The scientific information gained was important as students shared the 
excitement of taking part in a national project. Of greater importance was the subsequent 
interest generated in science education. 



CONTINUED RESULTS OF ?'HE SEEDS IN SPACE EXPERIMENT 

Park Seed Company, Inc. 
Greenwood, SC 29646 

ABSTRACT 

Two million seeds of 120 different varieties representing 106 species, 97 genera and 55 
plant families were flown aboard the Long Duration Exposure Facility (LDEF). The seed were 
housed on the Space Exposed Experiment Devekped for Students (SEEDS) tray in the sealed 
canister number 6 and in two small vented canisters. The tray was in the F-2 position. The seed 
were germinated and the germination rates and development of the resulting plants compared to the 
control seed that stayed in Park Seed's seed storage facility. 

The initial results were presented in a paper at the First LDEF Post-Retrieval Symposium. 
There was a better survival rate in the sealed canister in space than in the storage facility at Park 
Seed. At lease some of the seed in each of the vented canisters survived the exposure to vacuum 
for almost six years. The number of observed apparent mutations was very low. In the initial 
testing, th;: small seeded crops were not grown to maturity to check for mutation and obtain seco~ld 
generation seed. These small seeded crops are now being grown for evaluation. 

EXPERIMENT NO. W- 1 





LDEF ARCHIVAL SYSTEM PLAN 

Wi1s~I.l 
W. J. Schafer A~:socia.tes, Inc. 

525 Schml Street, S.W., Suite 301 
Washington, DC 20024 

Phone 8041864-8458, Fax 8048648094 

ABSTRACI' 

The LDEF Science Office is developing a comprehensive archival system to enabk access 
to LDEF data, analysis, publications and hardware for further research m1 design 
applications. The archival system will be a space environmental effects resource designed 
to encompass other data relevant to the space environment in addition to that which has 
resulted from LDEF. Elements of the archival system will include electronically stoxd 
data, hardc~pies, photographs, hardware and samples. Curnntly LDEF data and analytical 
resulu are being recorded by principal investigators and special investigation qmups in 
many f m  and for both inhous,: uses and outside distribution. It is interrded that \he 
LDEF archival system will include access to some of these independent sources of 
information as part of the complete archives. Other systems exist in tine broader areas of 
space md planetary sciences which have similar goals of preserving data and materials in 
the furthering of space environment understanding, and these systems are being studied in 
the development and implementation of the LDEF archival system. This paper will discuss 
the LDEF archival system, includinb the procedures for acquiring infomation md 
hardware. 



RETRIEVABLE PAYLOAD CARRIER / i 
--NFXT GENERATION LONG DURATION EXPOSURE FACILITY: UPDATE 92- 

f 
i 

-, J.A. Cagle, S.C. Newman 
American Space Tcchnologqt, Inc. 

2800 28th Street, Suite 155 
Sanra Monica, CA 90405-2934 

Phone: 3 101450-75 15, Fax: 3 l0/45C)-73aQ 

Access to space and cost have been two major inhibitors of low Earth orbit research. The 1 
1 Retrievable Payload Carrier (RPC) Program is a commercial space program which strives to 

ovexcorne these two barriers to space experimentation. The RPC Program's fleet of spacecraft, i 
ground comniunications station, payload processing facility, and experienced integration and 
operations team will provide a convenient "one-stop shop" for investigators seeking to use the 
unique vantage point and environment of low Earth orbit for research. The RPC is a regularly 
launched and remeved, free-flying spacecraft providing resources adequate to meet modest 
payload/experiment requirements, and presenting ample surface area, volume, mass, and growth 
capacity for investigator usage. Enhanced capabilities of ground communications, solar-array- 
supplied electrical power, central computing, and on-board data storage pick up on the path w h m  
NASA's Long Duration Exposure Facility (LDEF) blazed the original technology trail. Mission 
lengths of 6-18 months, or longer, are envisioned. The year 1992 has been designated as the 
"International Space Year" and coincides with the 500th anniversary of Christopher Columbus's 
voyage to the New World. This is a fitting year in which to launch the full scale development of 
our unique ship of discovery whose intent is to facilitate retrieving technological rewards from 
another new world: space. Presented here is sn update on progress made on the RPC bgram's . 
development since the November 199 1 LDEF Msterials Workshop. 



NEXT GENERATION OPTICAL INSTRUMENTS 
AND SPACE EXPERIMENTS BASED ON 

THE LDEF THERMAL CONTROL SURFACES EXPERIMENT 
(SOG69) 

Donald R Wilke~ 
A2 Technology, Inc. 
Huntsville, A L  35801 

Phone: 2051880-7481, Fax: 2051880-74E3 

ABSTRACT 

The Thermal Control Ss~faces Experiment (TCSE) on the 
LDEF was a very effective experiment to study the effects of 
the space environment on thermal control surfaces. Three 
current programs have benefited from the TCSE experimental 
concept and optical instrument--the Optical Properties 
Monitor (OPM) experiment, the Laboratory Portable 
SpectroReflectometer (LPSR) and the Space Portable 
SpectroReflectometer (SPSR). The OPM expands the TCSE 
optical measurement and environmental monitoring capability 
to address a wide range of materials including optics, 
optical coatings, theraal control surfaces, solar array 
materials, etc. The OPM is a multipurpose optical 
laboratory in space providing the measuremerrt of spectral 
total hemispherical reflectance, two color Total Integrated 
Scatter (TIS), and vacuum ultra-violet (W) 
transmission/reflectance. The OPM is being developed under 
the NASA In-Space Technology Experiments Program (IN-STEP) 
an6 is planned to fly aboard the European Space Agency 
EURECA 3 mission. 

The LPSR is a hand-held instrument developed to measure 
the spectral total hemispherical reflectance of small and 
large surfaces in the field. The LPSR is based on the TCSE 
reflectometer and provides measurements over the 250 to 2500 
nm wavelength range. The spectral data is integrated by the 
instrument to provide an accurate value fsr solar 
absorptance. 

The SPSR is a space application of the LPSR and TCSE 
technologies with the same measurement capability. Two 
versions of the SPSR are being developed under the NASA SBIR 
program--a hand held model for astronaut use and a remotely 
operated version for use with the Remote Manipulator System 
(RMS). The SPSR will provide the capability to characterize 
the external surfaces of operational spacecraft such as 
Space S cation Freedow. 

Experiment No. SO069 



THE CANAD'IAN SPACE AGENCY, SPACE STATION, STRATEGIC TECHNOIDGIES FOR 
AUTOMATION AND RIIBCFI'XCS PROGRAM 

=TEcHNOUXiY D ~ M E N T A ~ I N  
"PROTECnON OF MATERIALS FROM THE LDW EARTH ORBlT 

SPACE ENVIRONMENT" 

I fAauwu  
Canadian Space Agency 

Space Station Pmgram OfTice 
Ottawa, Ontario, Cmada 

The Strategic Technologies in Autodon and Robotics (STEPR) program, of the 
Canadian Space Agemy's Space Station Program, is managing a number of development 
contracts to improve the protection of spxcd l  materials from the Low Earth Orbit (LEO) 
space environment. The project is structured in two phases, to be conducted over 3 to 4 years 
with a budget of between 3 to 4 million dollars. 

Phase I is a competitive phase involving 6 contracts with Canadian industry. It is 
designed to demonstrate the technical feasibility and commercid potential of a coating/s~bst.ate 
system and its associated application process. A mandatory test program using standardized 
space quality substrates is implemented to generate technical results which are on a common 
basis for co;nparison. The test program involves: a 2.2 eV atomic oxygen and ultraviolet 
d k  tion (AO+UV) exposure using an in-situ mass loss sensor, thermal cycliri&, outgassing, 
solar absorptivity and emissivity before and after AO+UV exposure, SEM topography before 
and after AO+UV exposure, SEM defect density before and after thermal cycling, adhesion 
before and after thermal cycling, and bending. An independent study of the defect density and 
coating residual stress will also be conducted through an undercutting type test using a thermal 
atomic oxygen facility. The space quality substrates are GraphiteIEpoxy, GraphiWPEEK, 
Aluminized Kapton, Aluminized Teflon and Beta cloth. 

Three Phase I contractors will be selected to each perform a 1 million dollar, 2 to 3 year Phase 
11. Its objective is to demonstrate a prototype fabrication capability using a full scale component 
of a commercially viable process for the protection of materials and surface finishes from the 
LEO space environment, and to demonstrate compliance with a set of performance requirements. 
This prototype fabrication process must demonstrate that, using representative spacecraft 
materials/components, the process will yield the same quality performance as obtained in the lab 
scale process. A series of performance requirements has been established as to generate the 
information required by the spacecraft community to assess the coatinglsubstrate system and the 
associated process. 

The performance of the technologies developed in Phase I will be discussed briefly. 
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INSTRUMENTATION FOR NEAR-EARTH MEASUREMENT OF ORBITAL DEBRIS AND 
COSMIC DUST PARTICLES 

J. TUZZQlillQ 
The University of Chicago 

Labord!ory for Astrophysics and Space Research 
Chicago, IL 60637 

Phone: 3 1 m02-7798; Fax: 3 l2/702-6645 

Dus: instrumentation based on polyvinylidene fluon& (PVDF) dust sensor arrays is 
described which will measure the masses, fluxes, velocities and trajectories of orbital debris 
particles and natural micrometeoroids. Orbital debris particles are distinguished from natural 
particles (cosmic dust) by means of the velocity/trajectory information. The instrumentation will 
measure particle trajectory with a mean error-'l' (for isotropic flux) and is designed for 
measurements over the. particle diameter range-2pm to 2 0 0 ~ .  

For future missions having Earth-return capabilities, arrays of capture cell devices 
positioned behind the PVDF trajectory system would provide for Earth-based chemical and 
isotopic analysis of captured dust. 



FUTURE RADIATION MEASUREtiENTS IN LOW EARTH ORBIT - 
E. 0. Hulburt Cenkr for Space Kesemh 

Naval Research Laborirtory 
Washington, D. C. 

ABSTRACT 

The first LDEF mission h a  demonsuated the value of the LDEF concept for deep surveys 
of the space radiation environment. this paper will survey the kinds of measurements that could be 
done on a second LDEF mission. 

One of the most surprising discoveries on LDEF I was the 'Be that was found imbedded 
on the windward surfaces of LDEF. This discovery was not made by a planned LDEF 
experiment, hut as a result of a test conceived prior to retrieval. A second LDEF mission could 
follow up on this discovery and search for evidence of other cosmogenic nuclei from the . 
atmosphere below LDEF using carefully planned experiments. 

A second discovery on LDEF I is the pesence of energetic heavy ions below the 
geomagnetic cutoff. The origin of these ions has not yet been established. A sexond experiment 
could be designed to investigate the= ions in more detail. 

Data collecled on LDEF I will permit the investigation of heavy ions trapped in the earth's 
radiation belts. Since LDEF I, we have seen the discovery of trapped anomalous cosmic rays as 
well as the discovery that inner belt protons are redistributed by large magnetic storms. A second 
LDEF mission could he used to follow up these discoveries. 

The iirst LDEF mission canied experiments to measure the elemental composition of 
galactic cosmic rays beyond Fe. These experiments had >10 times the exposure of previous 
ultraheavy cosmic ray experiments. They will allow the major features of cosmic ray composition 
to be discovered. Improvements in track detectors since LDEF I now make it possible to look in 
detail at the elemental abundances. The abundances of ndionuclides, like technetium and the 
actinides, measure the various lifetimes of cosmic rays while the rare earths measure the matter 
traversed by cosmic rays. The relative abundanca of r m  earths can also be used to search for 
evidence that cosmic rays are accelerated in episodes which occur throughout their propagation in 
the interstellar medium. 

Additional investigations of induced radioactivity and radiation doses, including doses from 
fast neutrons. could be made on a second LDEF mission. Further investigations of radiation 
effects could also be undertaken. 

A second LDEF mission also offers the opportunity for new investigations such ~s 
measurements of the cosmic ray differential energy spectrum to ultrahigh energies. These and 
other ideas will be discussed. 
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