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Complexities in Ultrasonic NDE and SHM

Material and Damage/Defects Complexity
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Motivation of Computational Imaging Methods
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Addressing complexities

* Forward modeling for complex
structures

* Imaging algorithm utilizes reflected, i | _ _
refracted, and diffracted waves S

Performance Evaluation/optimization of novel inspection or monitoring methods

Objective: Develop a high-resolution imaging method for composite laminates
based on a least-squares reverse-time migration (LSRTM) algorithm using
ultrasonic guided waves.
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Qverview of LSRTM for metallic materials
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Damage imaging scheme

Defect Sensor Data
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LSRTM scheme

- An inversion-based method
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Flow chart for LSRTM
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Flow chart for LSRTM Add citations
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*Cases Studies of LSRTM for composite laminates
1) Resolution Studies
2) Multiple damage sites with different scatter amplitudes
3) Multiple damage sites with different dimensions
4) Complex damage shapes



Simulation Parameters

6000 SO
e Excitation frequency: 100 kHz

e Grid mesh: 1 mmx 1mm 5000 f
* 36 sensors

e 6 actuators 4000 1

e 16-layer laminate plate £
- 3000 A2
* [45/-45/0/0],, S
* Graphite/epoxy IM-6/3501-6 2000 | AG
* Excitation frequency below higher order modes (< 300 kHz) 1000 ¢ Al//
A0 wavelength: 10.2 mm at 100 kHz . | | | | |
* ~10 discretization per wavelength 0 100 200 300 400 500

Frequency, kHz
Lamina Properties for graphite/epoxy IM-6/3501-6

E_11iGPa) E_22(GPa) E_33(GPa) G_I12(GPa) G_13(GPa) G_23(GPa) vz v vaa  plkg/m”)
127.6 11.3 11.3 5.97 3.97 375 030 030 034 2700




Resolution Case with 2 mm Side Lengths
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Resolution Case with damage 1 mm Side Lengths

True Model
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Square side lengths: 1 mm

Spacing between damage sites: 4 mm
Reflectivity amplitude: 0.1

Domain size: 121 mm x 121 mm

LSRTM is able to discern two damage sites,
unlike RTM, however the reflectivity amplitude
is incorrect




Multiple Damage Sites with Different Reflectivity

True Model RTM '

e Square side lengths: 8 mm

e Spacing between damage sites: 8 mm

* Reflectivity amplitudes: 0.05, 0.06, 0.07, 0.075,
0.1,0.125, 0.15,0.175, 0.2

* Domain size: 161 mm x 161 mm
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Multiple Damage Sites with Different Dimensions
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LSRTM is able to detect the smallest damage sites and
clearly define the shape of the largest damage sites,
unlike RTM.




Complex Damage

True Model 3 Iterations of LSRTM
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Elastodynamic Solver run for Cross-Verification

Stress-velocity
elastodynamic equations:

*Mindlin plate solver used for imaging compared with

rotated staggered grid (RSG) finite difference solver PO = 0y,0 i + f
* RSG solver open-sourced by NASA Langley 0¢0 ij = CijkiOxVi + i}
https://github.com/nasa/PanNDE
* RSG solver previously validated for multiple composites plates (e.g. RSG Unit Cell:
quasi-isotropic, cross-ply with and without delamination) Q
*Same parameters as before, except for discretizations: \\’g
* dx=dy=0.75 mm, ~13.6 discretizations per shortest A, wavelength \’
* 3 discretizations per ply in the thickness-direction & Crx Oyy, Ouz Taz, Tyz, Ty

® V., Uy Uy



https://github.com/nasa/PanNDE

Pristine specimen guided wave comparisons
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Conclusion

*We have proposed an ultrasonic guided wave damage imaging method for
composite laminates using LSRTM

*LSRTM reduces artifacts
*LSRTM damage images are less distorted than RTM images

*LSRTM more accurately captures changes in reflectivity amplitude compared
to RTM

*LSRTM has shown promising resolution

Future work: add experimental work and conduct more comparative studies
using solvers that are widely used.
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