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Task Description P

- Development of high temperature pressure sensors (~1300°C) Sapph're

T T _ PIatlnum Tltanlum /cﬂai)hragm
» Applications: Structural health monitoring, morphing surface
control, combustion control

« Challenge: Sensor material limits, manufacturing

« Sapphire used in prior research P
e : : Sapphire

- Difficult to machine, multiple components Sapphire back
cavity substrate optical fiber

« Laser machining affects material properties
« Debonding of diaphragm is common failure mechanism

« Opportunity: Characterize mechanical effects of laser ablation
process and investigate fracture behavior

« Conduct X-ray Diffraction experiments to infer strain state

« Confirm inference using Finite Element Analysis and micro-
indentation experiments.

Example Sensor and crack




Final Schedule

« Complete multi-axial x-ray strain inference analysis

« Sapphire indentation electron microscopy and anisotropic
crack tip toughness analysis

* Thermocompressive bonding sapphire-niobium-sapphire
sandwiches

* Interfacial fracture toughness testing
* Thermal cycling—time remaining




Goals & Motivation

* Rigorously understand how to manufacture sapphire into an advanced, high
temperature pressure sensor

* Relevance to Commercial Space Industry
« Aerodynamic surfaces experience high pressures and high skin temperatures

* Need: Real-time structural health monitoring

* Need: Advanced aerodynamic control
« Materials and Manufacturing Tasks:

« Understand material characteristics from picosecond laser ablation (complex
balance between melting and electronic excitation)

« Quantify interface strength at high temperatures

« Continued collaborations with Prof. Mark Sheplak (UF) on sensor fabrication &
testing
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Results .

« Compressive strain
gradient exists and
decays with
iIncreasing depth.

dhkl _ dhkl,O

€Enkl =
dhkl,O

* What does this say
about the residual
state of the
material?




Results

» Evaluate data by inferring

the crystal’s lattice ¢
parameters in machined | c
and pristine zones i H
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Results

» Laser machining induces
In-plane compressive
stresses/strains

« Observed increase In
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On-Going Work

« Thermo-compressive bond sapphire—
niobium sandwich

* Indent ceramic-metal interface

« Quantify interfacial fracture properties.

Sapphire
plane normal

Sandwich specimen, not to scale.
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Conclusions and Future Work

« Conclusions
« Confirmed the presence of a residual strain gradient due to laser machining.
 Inferred the full strain state with limited data for the first time
« Combined multi-axial x-ray data with Bayesian inference and nonlinear solid mechanics
* Future work

 Interface material optimization—e.g., high entropy alloy interface (low thermal stress &
corrosion, high strength & toughness)

Process dependence on sensor fabrication
« Thermocompression bonding vs. spark plasma sintering
Acoustic characterization at high temperatures (M. Sheplak, UF)
Cyclic thermomechanical testing sensor subsystems
Material/process optimization for sensor performance across extreme operating regimes
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