SAND2016- 8342PE

Sandia

Exceptional service in the national interest National
Laboratories

Braze

Braze structure

SIW Crack Goth Behavior in

Glass-Ceramics
Strong, K.T.; Newton, C.; Wilson, M.;

Chandross, M.; and Ewsuk, K.E.

U.S. DEPARTMENT OF VAT =)
ENERGY ﬂ' VA’ Q.‘" Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO. 2011-XXXXP




Sandia
Fracture related problems Lf—

= Need predictive mechanistic models to determine
1) How and where will a crack initiate?
2) How long until an existing crack causes failure?
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Lifetime Predictions Must Account for )i
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Environmental Effects (e.g. Slow Crack Growth)
Glass-Ceramic Summary .
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Need to account for environmental effects.
Slow Crack Growth




Molecular Mechanisms for Slow Crack e
Growth Effects
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Michalske and Freiman
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Dynamic Slow Crack Growth (SCG) =
Parameters Are Being Determined Empirically
ASTM C1368
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A Representative Crack Velocity Model is e
Required For Reliable Lifetime Predictions
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Significantly different lifetimes are predicted with different crack models




Crack Velocity Measurements Will Help @ s,
Determine Appropriate Crack Velocity Mode
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Need a better mathematical representation of crack velocity.




SCG: First-principles calculations for ) e
mechanistic investigation

= Developing capability to simulation constant moment crack propagation
experiments

= Constant moment implies constant stress intensity factor (K|) at crack tip

= Measure crack velocity versus K, and compare to experiment (quartz, amorphous
silica, glass ceramics)
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Developed Crack Growth Models That Are )i
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Experimentally Validated

Bimaterial Beam

Initial crack normal to bottom edge

Initial flaw w/ mesh

88 steps w/ 50x deformed shape

experiment

160 growth steps w/ mesh

We need to incorporate environmental parameters into crack models.
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We Also Need to Determine How
Microstructure Affects Properties & Crack Velocity
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Glass-Ceramic microstructure/variability can affect failure/predictions
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= Environmental effects have a significant impact for lifetime
prediction of components

= Need to determine appropriate crack velocity formula for
lifetime predictions

= Need to incorporate environmental parameters into modeling
efforts
= Possibly NASA’S MCARES?




