Bio-Inspired Acoustic-Based Inspection and Sensing

Ehsan Dehghan-Niri
Associate Professor
School of Manufacturing Systems and Networks
Arizona State University
Email: nde@asu.edu

%‘ Arizona State N=[RER
University T L | AE0RRToRY



Outline

1. Lizard-inspired Tube Inspector (LTI) robot
* Sensing
* Robotics

US Department of Energy
2023 FECM/NETL SPRING
R&D PROJECT REVIEW

2. Broader Impacts
MEETING

Direct

* Publications

e Tech transfer

* Workforce development

Indirect

* Professional development

* NSF CAREER (Bio-inspired Acoustic Sensing)
* QCAM Consortium




A Lizard-inspired Tube Inspector (LTI)

Robot (FE0031649)




Problem statement
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Problem statement

. Tube inspection robots. (a) Vertiscan system, (b) ICM climbing robot, (c) boiler wall cleaning and

inspection robot, (d) inspection robotics system, (e) FAST UT system, and (f) PALM scanner.



A Lizard-inspired Tube Inspector (LTI) Robot
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Couplant-free ultrasound transmission

Electromagnetic acoustic transducer (EMAT) Friction-based dry couplant transducer
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Integrating EMATs into modular gripper
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Integrating EMATSs into modular gripper




Crack and corrosion detection
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H. Nemati, F. Alvidrez, A. Das, N. Masurkar, M. Rudraboina, H. Marvi, and E. Dehghan-Niri, “Integrating electromagnetic acoustic transducers in a modular robotic
gripper for inspecting tubular components”, Materials Evaluation, July, 2021, pp. 715-727.



Al enabled defect detection

1. Robotic System _ Material and Methods

2. Data Collection
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Navigation and visual inspection
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Sensor 1
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Direct impact
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Future workforce

National Laboratory

5 undergraduate students, 4 master students, 3 Ph.D. students, and 1 postdoctoral scholar
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Indirect impact




Early career professional development

Bat (in air)

Ultrasonic frequency

Aye Aye (in solids)

2021 NSF CAREER “Understanding the
exceptional near-field auditory system
of the aye-aye, one of the most unusual
primates in the world”
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Early career professional development

Consortium enabling In- and Ex-Situ-Quality Control of Additive Manufacturing
(QCAM)
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Graduate Studies — Industrial Experience —— (Ongoing) —— NextSyears —

Early Career

Long-term Vision
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Lessons learned and final remark




* Continue supporting and trusting junior faculty members
(professional development)

* Being part of the team

* Reassessing your vision

* Pathway to higher TRL and commercialization

In many cases, the indirect impact of a project is much greater than its direct impact
during the project's implementation phase. It's important for leaders and stakeholders
to recognize and account for these indirect impacts when assessing the overall success
of the project and its contribution to broader goals and objectives of a program.
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