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This study aimed to distinguish between sound and defective areas in Type 3
composite pressure vessels. Ultrasonic testing was employed to detect
artificially inserted defects. A 2D matrix array transducer was used for
ultrasonic testing, and various parameters were adjusted. However, the signals
observed in the A-scan could not clearly distinguish between intact and
defective regions. To address this issue, a histogram transformation method
was applied to postprocess the A-scan signals. A histogram was generated by
selecting a specific area in the C-scan Time-of-Flight (TOF) image. The
generated histograms had a U-shape in flawless regions whereas distinct
histogram patterns were observed in the defective regions. This indicates that
the histograms in the intact and defective regions are distinctly shaped,
enabling effective differentiation between the two.
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Fig. 1 Five categories of pressure vessels designed for storing
gaseous hydrogen'!
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Table 1 Specification of TRM

Parameter Values
Frequency 3.5 MHz
Array Type 2D array
Number of elements 16,384
Array of elements 128x128
Size 40x40 mm’
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(@) 3515 mm’ (b) 35x30 mm’ (c) 35x60 mm’
copper sheet copper sheet copper sheet
Fig. 3 Artificial defect

Table 2 CFRP winding condition

—
- L 4
|
|

Layer Winding angle (°) Thickness (mm) =1 .
1 layer 88 0.57 Fig. 5 Ultrasonic testing equipment setup
Artificial defect
2 layer 49 | 0.41 Table 3 Ultrasonic testing condtion
Artificial defect Experimental variable
3 layer 33 0.44 Averaging Tx element Analog gain
4 layer 18 0.39 Case 1 2 8 -7.5~4.25 dB
5 layer 88 0.57 Case 2 16 8 -7.5~4.25 dB
Case 3 2 16 -13 dB

Fig. 4 Attachment of artificial defects in the manufacturing
process
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Fig. 6 Schematic of the histogram generation
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Fig. 11 Histogram of sound region
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