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CONTINUED INVESTIGATION OF TIIE IMPACT FLUX ON THE LONG DURATION EXPOSURE FACILITY 
BY TIIE METEOROID & DEBRIS SPECIAL INVESTIGATION GROUP; Thomas H. see*, Kimberly S. ~ a c k * ,  Jack 
L warren*, and Michael E. zolensky**, *L.ockheed-ESC and **NASA/JSC, all in Houston, Texas 77058. 

INTRODUCTION: A major responsibility of the Meteoroid & Debris Special Lnvestigation Group (M&D SIG) is 
to utilize all LDEF surfaces to define the hypervelocity particle environment witnessed by the spacecraft during its 5.7 
year stay in low-Earth orbit (LEO). Last year we reported [1,2] the results of the preliminary Kennedy Space Center 
(KSC) examination of the LDEF Al-frame regarding the frequency of craters 2500 pm in diameter. During the past 
year the M&D SIG has been examining, in much greater detail, individual frame components (i.e., intercostals) in the 
Facility for Optical Inspection of Large Surfaces (FOILS) laboratory at the Johnson Space Center to document the 
relative frequency of smaller craters. Additionally, the data obtained at KSC pertaining to penetration holes on the 
A0178 thermal blankets have been reduced [3,4], and several small areas of this material have been scanned (at higher 
optical resolutions) in the FOILS lab as well. 

The predominant reason for studying LDEF's 6061-T6 aluminum frame and the A0178 Teflon thermal blankets 
stems from the fact that they represent two uniforni target materials that were widely distributed on the spacecraft. The 
frame was exposed in all 26 pointing directions associated with LDEF; each intercostal measured -115 x 985 mm yielding 
an exposure area of -0.06 n12 per intercostal after accounting for the areas covered by the experiment tray lips and 
clamps. At least one thermal blanket was located on nine of LDEFs 12 rows exposing -1.2 m2 of surface area per 
blanket. Here we report on the results of high-resolution scans of -0.24 m2 and -0.31 m2 for the intercostals and 
thermal blankets, respectively. 

DATA ACQUISITION: For a detailed description of equipment, interested readers are referred to [2,.5,6]. In 
general, surfaces are examined in the FOILS lab on an XIY scanning table, to which is mounted a Leitz M8 stereo- 
microscope and video imagingdigitization system. This configuration allows surfaces to be systematically scanned at 
magnifications ranging between 2.5 to 250x; the data here were acquired at 40x which permitted the identification of all 
features 240 to 50 pm in diameter. Once identified tlie feature's diameter is determined via an eyepiece reticule by 
measuring the rim-crest-to-rim-crest (D,) distance between points on tlie opposite side of the feature, not the diameter 
at the intercept of the crater walls with the original target surface (D,), which is -25% smaller [7,8]. The resulting 
information (e.g., X / Y  coordinates, diameter, material type, a unique feature number, presence of melt, etc.) is input and 
recorded into a computer from where it is transferred to the M&D SIG database once an individual component has 
been completely scanned. 

RESULTS: The cumulative size-frequency distributions of craters and penetrations holes are illustrated in Figures 
1 and 2, respectively. It should be noted that features 5200 pm in diameter in Figure 2 are generally craters, rather than 
penetration holes, because increasingly smaller particles are unable to completely penetrate the -180 pm thick 
Teflon/silver-inconel/thermal paint composite that comprises each of the thermal blanket. 

Crater frequencies for the four intercostals utilized in this study are illustrated in Figure 1. Intercostals F08, E09 
and E l 0  all pointed forward (i.e., in the general direction of LDEF's velocity vector or ram direction). Intercostal E09 
was -8O off ram, E l 0  was off by +22O and F08 was -38O off ram, while E05 was -128O off ram, or +52O off of LDEF's 
trailing edge. As can be seen in Figure 1, tlie three rani-pointing intercostals exhibit similar size frequency and crater 
densities; within two-sigma error bars (not illustrated for the sake of clarity) they are identical. The substantial change in 
the slopes of these curves between 500 and 1000 pm is either an artifact of the limited surface areas offered by the 
intercostals or, more likely, illustrates a real decrease in the population of larger particles. The decrease in the slopes for 
craters c 2 0  pm is associated with the optical resolution limit, where small features can be missed, even by the most 
careful workers. 

Intercostal E05 exhibits smaller crater densities than the three forward-facing surfaces, consistent with dynamic 
arguments of [9], which suggest variable fluxes and velocity distributions on a non-spinning spacecraft for surfaces of 
different orientation relative to the platform's direction of motion. The shallower slope of the E05 distributions suggest a 
modest depletion of small particles relative to the ram-facing surfaces. 

For comparison, the results of several other investigations are included in Figure 1. 1 1 e  A03 and A l l  (experiment 
A0187) data represent crater frequencies of the A1 6061-T6 experiment tray lips [lo]; Bay A l l  was oriented +52O off the 
ram direction of LDEF. The data depicting tlie crater-size frequencies for Bay B03 (experiment A0138 [Il l)  were 
obtained from counts on unspecified "aluminum" surfaces. Tlie A l l  data are in good agreement with this investigation 
for the general, ram-pointing intercostals. As expected, tlie A03 and B03 data ( + 8 O  off the trailing edge) show 
significant decreases in crater densities at all sizes, and possess overall slopes sin~ilar to that of the forward-facing 
population, rendering the E05 data somewhat difficult to understand. 

Figure 2 illustrates the results of detailed scans of several small areas of A0178 thermal blankets that pointed in the 
general forward-facing (ElO) and trailing-edge (E02 & F02) directions. Similar trends as discussed for the intercostal 
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data are visible in Figure 2. Because the population of impact features for these blankets is large, we did not try to 
quantitatively count features down to 40 pm in diameter, but instead used a quantitative cut-off diameter of 100 pm. 
This is especially true for the E l 0  blanket section, which explains the flattening or change in slope for the curve below 
100 pm. Also visible in Figure 2 are the data from the A0023 experiment [12] that depicts the cumulative frequency of 
penetration holes in aluminum foils of specific and variable thicknesses. These two data sets are in excellent agreement 
for both the ram and non-ram pointing directions. They could easily be joined into a single curve that would 
characterize the relative frequency of micron to millimeter-sized projectiles. 

Comparing the differences in crater production rates between the leading and trailing-edges results in the 
following observations: For Z500pm diameter craters the ratio of leading to trailing edge fluxes is -11:l (i.e., ElOlA03). 
while for S O  pm craters this ratio is -8:l. Production rates for the thermal blankets result in nearly the same ratio of 
-11:l for penetration holes ~ 4 0 0  pm in diameter (the largest bin common to E l 0  and E02&F02), and -121 for 
penetration holes 2100 pm in diameter. Continuing the comparison for the A0023 data results in ratios of -15:l for 
features 230pm in diameter and >50:1 for features 85pm in diameter. 

DISCUSSION: Our current findings are in qualitative agreement with existing model-predictions that suggest 
highly differential bombardment histories for surfaces pointing into specific directions relative to the velocity vector of a 
non-spinning platform in LEO [9]. The production rates for craters 250 pm in diameter in 6061-T6 aluminum and 
penetration holes 2100 pm in diameter in thin foil materials (Teflon; 180 pm thick) differ by more than a factor of 10 
between leading- and trailing-edge facing surfaces. These are substantial differences that must be considered during the 
design of future, large-scale, long-duration platforms in LEO, including their collisional shielding requirements (e.g., 
most immediately the Space Station Freedom). However, substantial additional work is needed to understand LDEF's 
bombardment history and the collisional hazard in LEO. 
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Figure 1 i? 2. Crater and penetration-hole frequencies for LDEF frame components and pieces from several A0178 thermal blankets. 
Numbers jndicate LDEF T m p n e n t  number (e.g., EIOEOOAA), bay and row location (e.g., A03) and/or experiment number (e.g., A W ) .  
Numbers In parentheses () lndlcate number of data points associated with each line. 
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