


 
Figure 4. Sample/seal material compatibility study 
 

 
Figure 5. Thermal vacuum chamber designed for seal-
ing and leak rate tests at at various temperature and 
pressure. 
 

Analysis Tools:  Simulation tools and an IR cam-
era testbed were developed to aid in design and analy-
sis of the SMA-type seals (Fig. 6). Simulation models 
were produced in COMSOL to study the stress induced 
in the SMA plug and tube during swaging and sealing, 
as well as in ANSYS to study heat flow through the 
heater, plug, tube, and sample. The IR camera testbed 
developed provides a means to test heat-activated 
seals, precisely measure their activation temperatures, 
and qualify plugs of various geometries and alloys. 

 

 
Figure 6. Analysis tools developed: (a) Thermal model, 
(b) stress model, (c) IR camera testbed. 
 

Full End-to-End Sample Integrity:  Elements 
spanning full end-to-end sample integrity from clean-
ing/sterilization before the mission to sample removal 
after the mission were addressed (Fig. 7). CO2 snow 
cleaning was tested as a potential method to both clean 
and sterilize material surfaces to meet future possible 
planetary protection/contamination control require-
ments, as well as offer a low temperature means to 
clean heat sensitive components like the SMA plugs. 
Seal elements were developed to allow complete inte-
grated demonstration of sealing in a caching subsys-
tem. A tube cutter was designed to provide a method 
for careful removal of the sample from a sealed tube. 

 
Figure 7. End-to-end sample integrity elements devel-
oped: (a) CO2 snow cleaning, (b) seal element hard-
ware, (c) tube cutter for sample removal. 
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