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Many decades ago NASA identified a need for low-mass carrying various
fluids aboard rockets, spacecraft, and satellites. A pres as the
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NESC observed that t perating stress ratios on the Space Shuttle Kevlar® 49 COPVs were
higher than they were griginally thought to be. This raised concerns about the possibility of
composite stress rupture, an unpredictable and catastrophic event. Assessments of the likelihood
of stress rupture in future missions has relied largely on a database of small spherical COPVs and
epoxy-impregnated strands generated at Lawrence Livermore National Laboratory (LLNL)
(University of California, Livermore, California). While the LLNL database has been very
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valuable, the vessels used in those tests differ in the amount of Kevlar 49 overwrap by three
orders of magnitude as compared to the Space Shuttle vessels; the yarn denier and epoxies used
were very different as well. This has led to the need for additional testing on Kevlar-epoxy
COPVs that are more representative of flight configuration. The objective of the Kevlar-epoxy
COPV testing is to provide additional data that could be used in reliability and mechanics models
to predict stress rupture life on Space Shuttle COPVs. This could potentially extend estimates of
Space Shuttle COPV useful life on the basis of more refined and less conservative estimates than
have been developed so far. Current procedures used to repair damaged COPVs have also been
included as part of the Kevlar-epoxy COPV evaluation effort. Adjustments to the parameters of
the model used to predict Kevlar-epoxy COPV stress rupture lifetim icipated from test
results of several available Kevlar-epoxy COPVs. COPV article testing include flight
qualified COPVs and subscale COPVs. A long-term test prog en underway for 8 years

at NASA Johnson Space Center White Sands Test Facility ( tigate the effects of
impact damage on carbon-epoxy COPV stress rupture lif; n-epoxy COPV
fleet leader data for the ISS. Carbon-epoxy special te
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life effect. While Kevlar-epoxy COPVs were fo pture than

carbon-epoxy COPVs, several concerns have risen fro OPVs that
point to a less-than-adequate understanding of long-term From this perspective, the
investigation on the stress rupture behavia ar-epoxy COPVs has proven to
be a very valuable “case study” of the me ici i

necessary.
The focus of this paper is to descrlbe burst tes s that has been completed as a
part of an the effort toev fe on full scale COPVs. The test
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for digital image correlation full field strain measurement blurring as the vessel fails.
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Figure 2. COPV S/N 014 burst test composite diameter change measurement.



Mechanical response formulation will be discussed for comparison with test data. Results agreed
well with theoretical calculation except for through the composite thickness measurements.
Larger through the composite thickness compression than was expected from calculation than
was observed in the test data. Measurements were made using the difference between the internal
and external diameters of the vessel and Eddy current multiple point Eddy current measurements.

Results from this testing will be used to evaluate stress rupture test plans on full scale test articles
and will contribute to the safe operation of Kevlar COPVs.




