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Project Overview

Research Scope:

e High temperature non-invasive sensing including
e Liquid level sensing
« Vibration sensing
e NDT, stress sensing
» Corrosion resistant coatings
* Wireless relay of sensor data

In this presentation we will primarily discuss:

 Mechanical vibration sensing/accelerometer
o HT resistant Aluminum Nitride (AIN) receiver
» Detects the mechanical vibrations of a steel vessel
« Commercial sensor provides comparison (68 mV/q)
e Test AN response between 150 Hz — 350 Hz at 50 °C - 200 °C

« Photoacoustic high temperature transducer
» Liquid metal layer (~150 um) absorbs laser light and transmits ultrasound (US) in steel
» Fields metal high boiling point and coeff. of volumetric thermal expansion make it useful
» Surface is highly reflective, but addition of carbon nanoparticles strengthens ultrasound
* Resilient at high temperatures and able to recover lost strength after cooling




Project Overview

e Participants (2022)

Xiaoning Jiang, Pl, NC State University (NCSU) (Tasks 1, 2 & 3), Mohamed Bourham, Co-PI,
NCSU (Tasks 2 & 3), Mo-Yuen Chow, Co-Pl, NCSU (Tasks 2 & 3)

Sean Kerrigan, PhD student, NCSU (Tasks 2 & 3), Nicholas Garcia, PhD student, NCSU (Tasks
2 & 3), Geet Khatri, PhD student, NCSU (Tasks 2 & 3).

Schedule
Year Task Role Responsibility  Note
La o HITEIS design and HITEIS development X. Jiang NCSU
development Sensor material radiation resistance L. Winfrey PSU
_ _ Wireless communication system M. Y. Chow NCSU
2,3& HITEIS Integration and :
4 characterization HITEIS integration & characterization X. Jiang & NCSU
M. Bourham
Laser ultrasound transducer development X. Jiang NCSU
2,3, 4 Development of Sensor radiation/corrosion resistance M. Bourham NCSU
&5 embedded sensors and
laser ultrasound \S/\élr::(l)erzs communication for embedded M. Y. Chow NCSU




Technology Impact

Structural Health Monitoring (SHM)
« HITEIS would operate in the reactor compartment on appropriate parts of reactor structure.
* Improved methods of detecting structural characteristics in a non-invasive rather than an invasive manner.
 New methods of high temperature ultrasound transmission.
* Monitoring of parameters such as liquid level, structural integrity, vibration/acceleration, stress, and others.

* High temperature non-destructive testing (NDT)
 Small ultrasound transducer that may be placed in harsh environments to monitor component integrity.

« Stakeholders include but not limited to:
» Dept of Energy, reactor plant contractors, reactor plant operators, and the general public.

« Accurate, non-invasive sensing may result in more efficient and safer maintenance evolutions
for reactor servicing planners and crews.




Results and Accomplishments
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Results and Accomplishments
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Results and Accomplishments
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Results and Accomplishments

O  Liquid Metal Laser Ultrasound O
LM layer ~143 um thick
» Carbon nanoparticles enhance
low frequency ultrasound
* Refcaseis ~10 mJ/cm?
» Nanoparticles are difficult to
distribute
o Clusters
» Particle layer

o Glass deposit

Results
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* Transducer recovers
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40 dB gain
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e Strong improvement over
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Concluding Remarks

* This project has investigated high temperature sensing through:

Non-invasive liquid level sensing, with reported 4.5% error.
High temperature NDT using ToF of SO and AO wave packets.

Application of AIN as a HT resistant piezoelectric transmitter/receiver, consistent

sensitivity (9 pC/g) in high temperature and high radiation conditions.
Application of AIN as a HT resistant accelerometer/vibrometer.
Potential use of liquid metal as a sensitive HT resistant transmitter.

Improved durability of liquid metallic transducer by addition of carbon nanoparticles and

retaining ring. Distribution of carbon particles is challenging and investigation continues

to determine which is the best method.
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