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Introduction: A key premise of a proposed Sam-
ple Caching Rover, a crucial element of the proposed
Mars Sample Return (MSR) campaign, is that the sam-
ples could be packaged and left on Mars for an extend-
ed period of time (at least five Mars years) without loss
of scientific value (Fig. 1). The MEPAG E2E-iSAG
(2011) concluded that the single most important factor
in preserving the scientific integrity of the samples
during the interval between their collection and their
analysis is effective sealing of the samples [1].
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Figure 1. Various mechanisms dealing with sample
integrity.

Sample Tube Sealing Techniques: Six sealing
methods for encapsulating samples in ~1 cm diameter
thin-walled sample tubes were designed and prototyped
[2]. These methods include a spring energized Teflon
sleeve plug, a crimped tube seal, a heat-activated shape
memory alloy (SMA) plug, an SMA activated cap, a
solder-based plug, and a solder-based cap (Fig. 2).
Material compatibility with potential sample minerals
was also studied to select proper tube and seal materi-
als that would not lead to adverse reactions nor con-
taminate the sample minerals (Fig. 3).
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Figure 2. Seal designs.
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Figure 3. Sample/seal material compatibility study.

Seal Testing: Helium leak tests were run on clean
sample tubes and tubes dipped in MMS Mars simulant
before and after thermal cycling between -135 C and
+55 C. The crimped tube, SMA cap, and finned SMA
plug seals showed hermetic seal capability compared
against an industry standard of <1 x 10-8 atm-cc/sec
He (Fig. 4). A thermal-vacuum chamber was designed
to perform future leak testing in various temperature,
pressure, and atmospheric conditions (Fig. 5).
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—Clean
Spring Energized Teflon Plug 29.9x 105
—Dirty
Crimped Tube — Clean 0.8x10%10 0.8x10%10 x 1010

83x10%10 09x10%10 1.0x10%10

Grimped Tube - Dirty

9 Solder Cap - Clean
Solder Cap — Dirty

9.9x10%5
98x10°-5
Solder Plug— Clean 9.9x 105 = - 33
Solder Plug — Dirty 99x 105
Shape Memory Alloy Cap— 8.7x108 1.8x10%10 1.0x10%10 1413
Clean
Shape Memory Alloy Cap — 0.9x10%10 1.0x10%10
Dirty
Shape Memory Alloy Plug — 0.1x10%~10 0.1x10%10 1089
Clean 316 55
Shape Memery Alloy Plug — 0.1%10%10 0.2x10%10 4.4x10%8
Dirty 318 88
Shape Memory Alloy Plug — 1.0x 10*-10 - 1.0x 1010 2524
~ CleanTi
Shape Memory Alloy Plug — 1.0x 10*10 - 4.3 %1010

Dirty Ti

Figure 4. Sample/seal material compatibility study
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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.
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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.
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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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