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INTACT CAPTURE OF HYPERVELOCITY PARTICLES ON SHUTTLE 

P. TWU; D. E. ~rownlee?& A. L. ~ l b e e ~  
'let Propulsion ~aboratory,%Jniversity of ~ashin~ton,kalifornia Institute of Technology 

The capability for capturing micrometeoroid analogs intact through laboratory 
simulations in passive underdense media offers a valuable tool for cosmic dust research 
Dsou 1984, Tsou 1990, Tsou 19921. However, no amount of laboratory simulations can 
replace actual space experiments due to the technical inability to launch high fidelity 
analogs of micrometeoroids in ground laboratories and then reliably simulating high hy- 
pervelocities (greater than 7 kmls). Fluffy composite micrometeoroid analogs tend to 
break up and have not survived laboratory launches at beyond 4 kmls, however, a new 
technique of launching cluster analogs was developed for the two-stage light-gas gun at 
NASA Ames Vertical Gun Range [Tsou 19881. Plasma drag or electrostatic accelerators 
may be able to achieve higher speeds than two-stage light-gas guns but only with very 
limited projectile compositions and may result in severe projectile deformation [Tsou 
19901. Consequently, a space demonstration of intact capture has been sought since 1983. 
This abstract reports initial results from our STS-47 flight, which carried the first Shuttle 
Sample Return Experiment (SRE) with silica aerogel capture media, September 1992. 

EXPERIMENT Five thermal insulated end covers for the Shuttle Get Away 
Special (GAS) Program payload canisters were modified to hold capture cells. These end 
covers were placed on top of the GAS payload canisters and were designed to replace 
standard covers. Each modified cover is 57.6 cm in outer diameter, and contained twenty- 
one 10 cm x 10 cm capture cells as shown in Figure 1. 

The clear silica aerogel capture cells were about 1 cm thick and had densities in the 
range of 20 mglml. Each of the aerogel capture cells was cast individually in the desired 
dimensions but eight of the comer cells had to be rounded to fit into the cover as seen in 
Figure 1. To minimize launch vibration damage, each capture cell was edge-wrapped with 
a thin layer of space approved polyamide foam to fit snugly. Due to structural require- 
ments, the actual active surface area for each cell was 9 cm x 9 cm minus the corners, 
making a net total of .I65 m2 of surface exposed for each SRE. 

The primary payload on STS-47 was the Japanese Spacelab, "Fuwatto" (weightless- 
ness). The GAS bridge is mounted in the aft of the Shuttle payload bay. The intact cap- 
ture SRE was in the eighth position of the bridge, closest to the aft wall of the Shuttle 
payload bay (Bay 12), on the port side. The top of the capture surface was about mid- 
height of the Shuttle payload bay. As the Shuttle payload bay door opened, SRE's field of ' 
view was limited most by the Shuttle's tail with about a 75' acceptance angle and about 45 
from the back edge of the Japanese Spacelab. The field of view from the starboard and 
port sides was essentially a full 180'. The SRE was covered during the GAS payload inte- 
gration process only. 

STS-47 was an extended 9 day mission from September 11 through September 19, 
1992. The cruising altitude was 300 - 304 krn at a 28.5' inclination. The Shuttle's tail was 
pointed at Earth while its right wing pointed in the velocity vector; consequently, the orien- 
tation of the SRE was normal to the ram direction, facing space in the plane perpendicular 
to Earth's radius. The total 'space' exposure time is estimated to be approximately 170 
hours. 

RESULTS All twenty-one aerogel cells were returned without any apparent 
damage under optical inspection at 192X. Upon initial examination, there were at least 
four large hypervelocity particles captured in three of the cells. Ample evidence of the 
notorious Shuttle payload bay contamination has also been captured intact on these cells. 
Initial optical in situ examination of the captured hypervelocity particles has been carried 
out. Particle extraction followed by chemical and structural analyses is in process. 

The track morphology of the captured particles reveled a typical carrot-shaped 
track pointing to a particle lodged at the tip of the track as shown in Figure 2. One of 
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these tracks is 1.5 mm long, with the maximum diameter of 50 um indicating a hyperveloci- 
ty capture in the range of 6-8 kmls. The primary particle at the tip of the track is estimat- 
ed to be about 10 - 20 um in size. Two smaller particles split off during capture at 1.1 mm 
with an estimated size of 5 - 10 um and 1 um, respectively. 

The second and third hypervelocity captures appear similar to the first and have 
carrot tracks next to each other as shown in Figure 3. The track length of the second 
capture is 2.1 mm long with a maximum diameter of .14 mm. The second primary particle 
is estimated to be 30 - 40 um. The third capture track is 1.4 mm long and 100 nm in 
maximum diameter. The third primary particle is estimated to be 5 um in diameter. 
Based upon the capture track morphology and the splitting of the projectile, these three 
particles are characteristic of silicate particles rather than space debris. 

The fourth hypervelocity capture was substantially different from the other three 
captures having a considerably larger carrot track with significant radial cracking, similar 
to bullet holes in window glass as shown in Figure 4. Radial cracking is characteristic of 
impacts in very high density aerogel. The entry hole is about 70 um. This particle is more 
likely a large piece space debris traveling at high speeds. 

FINDINGS Silica aerogel capture cells survive the Shuttle launch and reentry and 
incontrovertibly capture hypervelocity particles intact. The l q  e hypervelocity particle I flux for this SRE is estimated to be 2.5 to 3.5 (10 - 30 um) per m , per day. 
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Figure 4. Capture Track 4 
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