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Statistical Evaluation Method of Material Uniformity Using

Ultrasonic Back Scattering and Image Processing

Takeru MORINAGA and Daisuke MORI

Synopsis

Microstructure control affects the mechanical properties of alloys. For example, grain refinement is an effective methods for
increasing strength. In non-uniform material with a wide grain-size distribution, such as a duplex-grained structure, however, the
preferential micro-yield of coarse grains affects the macro-yield strength. So, it is desirable to evaluate the material uniformity,
but there is no standard evaluation method. Moreover, the material uniformity should basically be evaluated for the entire piece.
For this reason, non-destructive evaluation is desirable rather than microscopic observation of an arbitrary cross-section.
Ultrasonic flaw detection is widely used for internal inspection of steels. An ultrasonic wave is scattered at grain boundaries when
propagating in a steel. Various methods have been developing to evaluate material properties using this phenomenon, but it’s
impossible to evaluate material uniformity using these methods. In this paper, in order to solve these problems, we propose the
following two methods that incorporate statistical analysis into the conventional technique.

(1) Non-destructive evaluation method of the material uniformity using asymmetry of multiple ultrasonic back scattering waves.
(2) Evaluation method of the material uniformity in optical microscope images by image processing and statistical analysis.

These methods have made it possible to quantitatively evaluate the material uniformity of samples with different microstructures.
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Table 1. Microstructures with different grain sizes (x50) and each ultrasonic waveform.
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Fig. 2. Statistical evaluation method of material uniformity using ultrasonic back scattering.
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Fig. 3. Evaluation method of material uniformity by statistical image processing.
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Table 2. Microstructure with different uniformities (Grade: 1, 3, 5, 7).
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Table 3. Quantification of microstructure’s uniformity using statistical image processing.

Visual test (Grade) 1 2 3 4 5 7
Filter size U,
10X 10 (4.2X4.2 um?) 0.115 0.172 0.152 0.240 0.331 0.403 0.512
20X20 (8.3%X8.3 um?) 0.042 0.067 0.072 0.084 0.140 0.152 0.189
30X30 (12.5X12.5 ym?) 0.024 0.041 0.051 0.044 0.087 0.084 0.102
40X 40 (16.6X16.6 pm?) 0.016 0.029 0.042 0.029 0.070 0.055 0.067
50X 50 (20.8%20.8 um?) 0.010 0.023 0.034 0.021 0.055 0.041 0.050
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Table 4. Measurement specifications for frequency

optimization.
Item Specification
Sample Round bar (16 mm): Grade 1
Frequency Element size
Probe 5 MHz 10 mm
10 MHz 6.4 mm
20 MHz 3 mm
Input waveform 300 Vpp Square pulse
Number of measurements |7000
Water path 70 mm
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Fig. 4. Frequency optimization results.
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Table 5. Measurement specifications for estimation of

material uniformity.

Item Specification
Sample Round bar ($16 mm)
Frequency 10 MHz
Probe Element size 6.4 mm (flat)
Waveform 300 Vpp Square pulse
Filter 10 MHz Band pass filter
Gain 58 dB
Number of measurements|21000 per sample
Water path 70 mm
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Fig. 5. Relationship between non-uniformity by statistical
image processing and asymmetry of ultrasonic

back scattering waves.
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