
29 April 2026

1

Robotic fastener hole inspection with 2D 

ultrasonic phased array

Yanghao Wu

Senior research associate

University of Bristol

ai20797@bristol.ac.uk

Supervised by Paul Wilcox & Anthony Croxford



29 April 2026

2
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❑2D ultrasonic array inspection techniques

❑Inspection optimization and new array design simulation

❑ Robotic fastener hole inspection

❑ Conclusion 

Overview
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Eddy current inspection

• Need fastener removal 

• Difficult to characterize 

Ultrasonic inspection

• Need lots of probe movement

• Low inspection efficiency

❑Background & motivation
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Simplify the inspection process / improve the efficiency / better result visualization 

One location for FMC 

data collection

Coupling block

Test sample

2D array 

Tangen
tialm

oving

Multi-location data 

collection 

❑Background & motivation
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(a)

Direct ray path (DR)

(b)

Half-skip ray path (HS)

(c)

Full-skip ray path (FS)

❑2D ultrasonic array inspection techniques

▪ Imaging solution



29 April 2026

7

Half-skip ray path

offset

crack tip

crack root

crack
Artifacts

EDM crack

1D array

▪ HS – coherent noise
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❑2D ultrasonic array inspection techniques

▪ HS – coherent noise
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❑2D ultrasonic array inspection techniques

▪ HS – TRP selection
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H

Q1: What’s the best choice of coupling block height ?

TRPSM

Q2: What’s the best choice of Gap?

Q3: How to distribute the array elements for a new array which can make full use of each elements?

❑Inspection optimization and new array design simulation
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Sample

Array

Point on target crack

Array

T R

R’

offset

Direct physical 

ray path (DRp)

Half-skip physical 

ray path (HSp)

Half-skip tfm ray 

path (HStfm)

• Ray path selection:

• Modelling the A-scan in FMC :

• Sensitivity calculation:

❑Inspection optimization and new array design simulation

▪ Ray – based semi-analytical model
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❑Inspection optimization and new array design simulation

▪ Model validation
Simulation data HS-TFM

Experimental data HS-TFM
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❑Inspection optimization and new array design simulation

▪ Model application I – inspection setup optimization ▪ Model application II– 2D array design simulation
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❑Inspection optimization and new array design simulation

Corner crack Through crack
▪ Model application I – test results comparison
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▪ Model application I – multilayer sample test 
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▪ Model application I – multilayer sample test 
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Why robotic?

▪ Inspection efficiency

▪ Accessibility

▪ Inspection reliability

o Coupling force

o Coupling condition

o Probe positioning 

❑Robotic fastener hole inspection
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❑Robotic fastener hole inspection
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❑Robotic fastener hole inspection

▪  How to locate the target surface and target hole? 
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❑Robotic fastener hole inspection

▪  How to compensate for robot arm movement when applying coupling force?

▪  How to confirm the coupling condition is good enough?
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❑Robotic fastener hole inspection

Angular error =  -1° Angular error = 1°

• Computer vision - rough probe orientation (angular misalignment ≈3º)

• Ultrasound – fine probe orientation adjustment (angular misalignment 

<1º is required based on experiments) 

▪  Ultrasound probe orientation correction

sample backwall

coupling block 

backwall
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❑Robotic fastener hole inspection

▪  Ultrasound probe coupling condition improvement – Rotationally oscillating the probe
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• Computer vision - rough probe position (translation misalignment ≈ 5~10mm, including the robot structure deformation influence)

• Ultrasound – fine probe position adjustment (translation misalignment <1mm)

▪  Ultrasound probe position correction
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❑Robotic fastener hole inspection
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Thank you for your attention.

Please feel free to contact me if you would like to discuss further

Yanghao Wu

UNDT Lab

University of Bristol

ai20797@bristol.ac.uk
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