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mTTROD UCTION 
Meteoroid and debris impacts occur at all altitudes and from all directions. With the high average relative impact 
velocities (4 to 20 MI), even very small particles can cause substantial cratering, pitting, and erosion of optical 
surfaces. The effects of these craters on optical scatter is not well understood. Preliminary analysis indicates that 
the craters may have the effect of providing free surfaces, within optical coating stacks, which can become flaw sites 
for origination of shear stress-caused delamination and debonding. Results of this study are intended: (1) to provide 
an assessment of the micrometeoroid and debris environment threat posed to a typical satellite, (2) to provide 
characterization of the areas and types of damage caused by meteoroid and debris impacts on optical surfaces, and 
(3) to provide preliminary assessments of the effects of this damage on the optical scatter of these surfaces. 

METHOD 
The expected number of impacts per unit area was predicted using an in-house space environment computer model, 
SPENV. Yle resultant model data is a function of the satellite's time in orbit, its altitude, the orientation of a surface 
normal relative to the spacecraft velocity vector (i.e., RAM, TRAIL, SIDES, SPACE END, and EARTH END 
directions), and an array of impactor sizes. Calculations have been done for a test case of 1000 km 
altitude with 60°inclination. In order to more accurately determine the responses for altitudes near and above 1000 
hn, it was necessary to modify the Kessler orbital debris model,' as the level of confidence decreased above 1000 
krn. This modification has been successfully incorporated into the S P E W  program. The underlying assulnption 
for this modification is that the small debris distribution tends to follow that of the larger (>I 0 cm), trackable, debris. 
This assumption has been suggested by the LDEF data at -500 km, and is assumed for the higher altitudes. The 
computations to date indicate the cumulative hit rate/m2 for an assumed orbital time of 6 years, starting in 1996. 

DISCUSSION 
Two approaches have been taken to establish fust-order estimates of increases in optical scatter. Both pre-suppose 
that the optic behaves as if a metallic mirror with simple llemispherical craters without typical telescope sluouding. 
The computations to date indicate the cumulative hit rate (per square meter) for an assumed time of 6 years, starting 
in 1996, and show hits v e m s  impactor diameters for differing spacecraft surface orientations. Estimates of otpical 
scattering are done by determining the equivalent "contamination level" as defined in MIL-STD 1246A. Young' has 
already performed both experiments and computations (using Mie theory) to derive increases in BRDF as functiolls 
of contamination levels for small particles on mirror surfaces. Thus by finding the "equivalent" conditions (assuming 
craters scatter in a similar manner to spheres on a mirror) it is possible to derive the BRDF as functions of 
wavelength and cratering for any chosen spacecraft surface. 

Figure 1 illustrates the MILrSTD 1246A data plotted on the same scales as used for the cumulative impacts (per 
area) versus crater sizes. Note that each "level" plot curves over as tlle size decreases (rather like the behavior for 
micrometeoroids), and that this tendency to asymptote is most obvious for the lower "levels". For reference, note 
that the meaning of contamination "leveln is that the distribution is one for which there is one particle per square 
foot of surface area (equal to 10.76 per m2) of size "level" microns diameter (e.g., "200" means there is one 
particlelf? of diameter 2 0 0 ~ ) .  Optical scatter will be dominated by the larger craters, and so the "best" definition 
of equivalent contamination "leveln is found by matching Young's data at the larger sizes. 

The example, shows the data for the RAM with altitude 1000 krn and inclination of 60 degrees. The predictioils 
for debris give about 10.76 impacts/m2 for craters of diameter about 0.6 cm (6000 microns), while for 
xnicrometeoroids the corresponding size is about 0.12 cm (1200 pm). Thus the equivalent MILSTD levels are about 
"6000" and "1200", respectively. However, the predictions for cratering "slew" across tlle MiLSTD plots, such that 
for craters of size 10 microns the corresponding "levels" are about "1000" and "200", respectively. Reference to the 
work of Youn?, allows BRDF values (near zero degrees off specular) to be estimated. For a working wavelength 
of 5 microns, the BRDF values for debris is 7.8 x lo4 ("level" 6000) to 10.0 ("level" 1000), and 25.0 ("level" 1200) 
to 0.0032 ("level" 200) for meteoroids. For the EARTH direction, however, the corresponding crater size is about 
550 pm (level "550") with a slew to level "150" for 10 p craters, and applies only to micrometeoroids (since 
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Kessler's model does not allow debris impacts on the Earth-facing surface. At 5 pm wavelength the corresponding 
BRDF scatter is 0.5 ("leveln 550) to 7.6 x lo4 ("level" 150) for meteoroids. Clearly, the RAM surface suffers from 
far more scatter than does the EARTH surface. 

An alternative approach to estimating the scatter is as follows. The fimdamental relationship for scatter from craters 
(assumed the same as from spheres) is: BRDF = I? x D4 x N/h2 where D is the crater diameter, N is the number 
of craters per unit area, and 31 is the operating wavelength. By first differentiating the function describing the 
cumulative impact rate (per area), multiplying by D4, and re-integrating, we obtain the BRDF for the overall 
distribution. Since both the micrometeoroid and debris cumulative impacts obey the form, cumulative number = D'", 
the result is: BRDF = d x (nI(4-n)) x k4 x CN,, x Dm4 A2, where n is the power index describing the cumulative 
number of impacts versus particle size (in the neighborhood of the value of D&, k is the ratio of crater diameter 
to particle diameter @), CN is the predicted cumulative hit rate, and h is the wavelength. The latter equation 
involves the quantity D,, which is the largest particle diameter to be used in the calculation. To determine the 
latter, we apply the following logic: if there is less than one (1) impact on the given optic, then there is 110 longer 
a meaningful definition of N, the areal impact density. Thus knowing the area of the optic, we compute the 
corresponding hits per meter. Refening to the predicted cumulative impact data versus particle size, we determine 
the value of D,. As an example, consider an optic of area 100 cm2. For one crater, we have an areal density of 
100 per m2 (or 0.01/cm2 ), and thus this defines CN-. For debris, n = 2.5, and k = 7.0 (for the RAM surface). 
Reference to the particle plots of impacts on the RAM surface for tlie 1000 krn, 60 degree orbit, gives the value D, 
= 300 microns for debris. For micrometeoroids, n = 3.0, and k = 3.8, leading to D,, = 130 microns. Substituti~lg 
into the equation for scatter (at 5 micron wavelength), we obtain a BRDF of: 1.28 x lo3 for debris, and 7.05 for 
meteoroids. For the EARTH looking surface, we have n = 2.7, k = 3.25, and D, = 90 microns, and only 
micrometeoroids apply. Thus we obtain a BRDF of 0.60 for 5 micron wavelength. Thus, once more, the scatter 
for the RAM surface is much greater than for the EARTH surface. 

CONCLUSION 
Although none of the above quotes for scatter can be considered precise, it is seen that both approaches yield similar 
values (especially if the larger "level" quotes are used), and both calculational methods suggest the scatter for the 
RAM surface is enormous compared to that for the EARTH looking surface. These calculations are in the process 
of being updated to include the more realistic case of limited acceptance angle due to typical telescope 
bafflelshrouding geometry. 
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1000 km at 60 degree inclination, 1996-2002: RAM 

Figure 1: MILSTD 1246A data (solid) 
plotted with data for cumulative 
micrometeoroid (dotted) and ..-.micrometeoroid 
debris (heavy solid) impacts for 
the RAM direction. 
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