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Development of Ultrasonic Simulation Technology Considering Grain Size

and Crystal Orientation for Inspection of High-Attenuation Materials

Yuji OKAMOTO, Takeru MORINAGA and Toshihiro ITO

Synopsis

Ultrasonic testing of steel with a coarse grain structure presents significant challenges. The phased array technique, however,
offers a promising solution. In phased array applications, probe design plays a key role, and ultrasonic simulation is commonly

employed to support this process. Nevertheless, in coarse-grained steel, the correlation between simulation and experimental results

tends to be low, which hinders the design of an optimal probe. This low correlation is likely due to the simulation model’s inability to

accurately represent the material’s microstructure, including grain size, crystal orientation, and the distribution of both.
In this paper, we developed a simulation model that integrates experimentally obtained microstructural data. The developed
simulation technology showed a high correlation with experimental results.
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Fig. 1. Grain boundary scattering.
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Fig. 2. Beam-focusing principle for point-focused incidence.
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Fig. 4. Inspection of hole flaws for (a) 2D plane analysis
(b) actual inspection.
(Element size, 20 mm, frequency, 1.0 MHz
normalize the bottom echo to 80 %).
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Table 1. Crystal grain information for each area.

A Average | Grain |Number
. rea MR
Domain 2. |grain size| area of
[mm?] 2 .
[mm] [mMm] | grains
Center
(0-70 mm) 4900 1.500 1.767 2773
Middle
(70 mm-100 mm) 5100 1.300 | 1.327 3842
Outside
(100 mm-155 mm) 12500 | 0.800 | 0.503 | 24868
Total 22500 31483

Table 2. Mapping function information.

Sum of  |Upper bound N .
. : ormalized
Domain base point | of random di
ratio value  |coordinates
Center
(0-70 mm) 0.08807 0.2968 0.4667
(70nkﬂﬁ%8rnm) 0.2101 | 04584 | 0.6667
(100 2“mti'gse mm| 1000 1.000 1.000

(/2]

o

2 0.5

e

o

8 1 0 1
§-1 -0.5 0 0.5 1
T 0.5

£

o

z 1

Random value

Fig. 7. Mapping function.
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Fig. 8. Voronoi tessellation models with mapping functions.
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(a) a-axis rotation. (b) B-axis rotation. (c) y-axis rotation.

Fig. 9. Rotation of the anisotropic principal axis.
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Fig. 10. Analytical model.

Table 3. Analysis conditions

Number of
elements

32ch

48 ch 64 ch

Element size

0.7~3.5 mm

1.3~3.1 mm|{1.3~2.2 mm

Element pitch

0.1 mm

Center
frequency

0.3 MHz, 1.0 MHz

Wave number

2 cycles

Focus position

Bottom surface(155 mm)
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Fig. 11. Simulation and actual flaw detection received waveforms.
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Fig. 12. Relation between element size and S/N in simulation.
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Fig. 13. Relation between aperture size and S/N in simulation.
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