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INTRODUCTION: The Long Duration Expure  Facility (LDEF) orbited the Earth for '5.7 years and represents an 
unprecedented opportunity to stu* hypervelocity impact features caused by natural and man-made particles typically el 
mm in size [I]. The Chemistry of Minometeoroids Experiment exposed '1 m2 of gold (>99.99 Au) on LDEFs trailing edge ' 
(location ,403) and '1 m2 of aluminum (1100 series; >99% AZ. six individual plates) at location All,  some W off LDEFs 
leading edge. The modular trays that armmmodated these substrates were fabricated from 6061-T6 aluminum and 
possessed substantial lips (total of '039 m2 for both arperiment-trays) with sizeable crater populations [I]. This report 
summarizes the crater populations of all of these surfaces and discuss implications related to particle-size frequency and 
exposure history of the Aucollectors. 

METHODS: The Au-surfaces were investigated in the FOILS Laboratory at the Johnson Space Center (JSC) employing 
a PCconmlled mechanical stage for scanning purposes, while the experiment-tray lips were scanned with a manually driven 
mechanical stage also at JSC The small scale relief of the Au (finished by burring methods) permitted craters as small as 10 
pm in diameter to be recogwed. In contrast, only features >40 pm in diameter could be recorded on the experiment-tray 
lips The optical systems and scanning methods employed are described in [I]. All JSC aa te rd i ie te r  measurements refer 
to "rimaest-to-rhnest" dimensions (D,). A single 1100 series Al-plate was transferred to the University of Washington in 
its "as retrievedw configuration where it was optically scanned to locate impact features. Craters on this single Al-plate were 
then dislodged by means of a punch and placed into an SEM for detailed dimensional characterization. The depth and 
diameter pi) for features on this plate were measured with respect to the original target surface. A small representative 
area of this collector was also scanned at 25X to zharacterize the size-frequency distribution of small craters. The entire '1 
m2 instrument was initially surveyed for craters a500 pm in diameter at the g e ~ e d y  Space Center (KSC) during the 
deintegration of the LDEF spacecraft [I]. AII available cratercounts on the A03 and A l l  instruments are displayed in 
Rgure 1. 

CONVERSION OF CRATER DIMENSIONS INTO PROJECTILE DUMElTW3 Comparison of the crater 
populations illustrated in Figure 1 is not straight forward because of the different diameter criteria @, and Di) that were 
employed In addition, the diverse Al- and Au-materials possess different cratering efficiencies, and the mean encounter 
velocities on a non-spinning spacecraft, such as LDEF, depend strongly on the s p d c  instrument pointing direction relative 
to the spacecraft's orbital velocity vector [2]. Therefore, interpretation of these crater populations in terms of particle fluxes 
~&tates conversion of observed crater diameters into a set of associated impactor dimensions (and eventually projectile 
mases) for each material and orientation. Laboratoryderived relationships between crater-morphometry and projectile 
dimemions as a function of impact velocity were provided by [3] for gold and by [4] for aluminum 6061-T6 (with suggestions 
on how to extrapolate to other aluminum allays, such as the 1100 series). Ongoing small-scale impact experiments [5] suggest 
that D, = U Di. At nonnal incidence, mean encounter velocities of 13.4 kmts and 20 kmls for locations A03 and Al l  
respectively, were calculated by [2 and q; a constant density of 22 g!cm was assumed for all projectiles Following these 
procedures and assumptions, the measured crater diameters were c o w e d  into impactor dimensions as illustrated in Figure 
e 
I 

RELATIVE SIZE FREQUENCIES. The size-frequency distribution of impactors encountered at the LDEF A03 location 
seems to diEer modestly from that at A l l  as indicated by the somewhat shallower slopes at the larger impactors; the 
"forward" facing A l l  surfaces intercepted more "small" particles Note that this applies especially to the experiment-tray lips 
made from identical materials Conversion of crater to projeaile diameters in this case only afflicted by possible 
uncertainties in velodty scaling, but the velocity exponent of 2,i3 is generally deemed to be well founded. However, within 
statistical error (see Flgure 1) the impactor populations could also be identical. While scanning of the A03 surfaces is 
camplete, additional craters can and will be counted on the remaining five A l l  aluminumalleaor plates; we know that 
some of these plates contain larger craters than the single plate represented in Figure 1, and this seems to be the reason wby 
the KSC- and experiment-tray lip data are somewhat higher than the A1 1 "plate"1ts. 
ABSOLUTE FREQUENCIES: Absolute particle frequencies may be used to argue for variable, effective fluxes as a 

function of viewing directi011. However, until the above mentioned h e  of the relative size frequency is resoked, diverse 
flux- enhancement factors could be emacted from Rgure 2 for the A l l  location relative to A03, all sensitively depending on 
spedfic projectile size. The statistically most reliable counts apply to the range of 10-20 pm diameter impactors; at Dp = 10 
the difference in partide flux between the Al l  and A03 locations is approximately 5. 

Comparison of the absolute kquency on the two A03 surfaces (of identical surface orientation) relates to relative 
acposure times of the gold collectors and experiment-tray lips. The lauer were exposed continuously, while the Au-surfaces 
were mounted on clamshell-type devices that could be opened and closed The particle flux, at D =10 pm, is '1.8 times 
larger on the experiment-tray lips than on the gold collectors. This implies that the damshells werz"closedw for substantial 
W o o s  of the entire LDEF mission which lasted 2145 days Nominal instrument performance would have exposed the gold 
for 1279 days, l e g  to a factor of 1.68 longer exposure of the experiment-tray lips relative to the Au-surfaces The 
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observed crater densities are consistent with this ratio and seem to indicate nominal i w m e n t  performance uuoughout 
LDER lifetime. 
REFERENCES: [I] See et aL, (1990), LDEF M&D SIG Report, JSC Publication No. 24608,583 p; [2] Zook, H. (1989), 

LPSC XM, A& p. 1385-1386; [33 HOG F. (unpublished: D, = 1.12 @-63 for Au); [4] Cour-Palais, B.G. (1987), Joum 
Implrcr fig., V5, p. 221-238 as updated by Chistiansen, E L  (1990, Pen. Comm.): 05Di = 5.24 D~~~ H- (ddddas 
( V J V ~ ~ ~  H = Brinell hardness; dp and dt = projectile and target densities; V1= impact velocity; V, = target sound 
velocity); [5] HOR er 4 (1991), This wlume; [q Peterson, R @en. comm; unpublished CDCF report). 
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