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Calculations of time delay-laws in phased array focusing ultrasound testing with

inclined wedges
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Abstract Phased array ultrasonic testing with inclined wedges is widely used in low carbon steel thin-wall
workpieces welds inspection. Investigation of delay laws for phased array ultrasonic focusing deflection testing
can improve the evaluation reliability even more. In the ultrasonic testing, sound wave radiated from a phased
array probe passes through the wedge-specimen plane interface and the mode conversion shear wave was
focused in the specimen. Employing Fermat principle, calculations of each element delay time was deduced and
a numerical solution for a focal point was got. Finally, simulation and experimental measurement of focusing
acoustic field was carried out. The result shows that the beam can focus on the target point, and the simulation
and experimental results agree well.
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Fig. 1 Scheme of phased array focusing deflection

acoustic wave delay time calculation
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Table 1 Parameters of the phased array

probe, wedge and work piece for use
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N 16 ap 36.2° Cst 3236 m/s
p 0.6 mm Hyp 5.36 mm Csl 5916 m/s
g 0.1 mm Cw 2330 m/s ps 7800 kg/m3

e 04 mm Offset sg=2.67 mm
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Table 2 Coordinate, incident point ab-
scissa, incident angle, refractive angle and

delay time of elements

T 2 xq  ABISR ITAHA R

F5% (mm) (mm) (mm) (%) ©) (bs)
1 0 0 513 365  55.6  0.357
2 0484 —0.354 576 359 545  0.357
3 0968 —0.709 6.37 352 532  0.354
4 145 -1.06 697 346 520  0.348
5 194 —142 754 339 507  0.339
6 242 -1.77 811 331 494  0.327
7291  -213 865 324 480 0311
8 339 -248 918 316 466  0.292

9 3.87 —2.83 9.68 30.7 45.2 0.269

10 4.36 —-3.19 10.2 29.9 43.8 0.243

11 4.84 —3.54 10.7 29.0 42.3 0.213

12 5.33 —-3.90 11.1 28.1 40.9 0.178

13 5.81 —4.25 11.6 27.2 39.4 0.140

14 6.29 —4.61 12.0 26.2 37.9 0.0977

15 6.78 —4.96 12.4 25.3 36.4  0.0510

16 7.26 —5.32 12.8 24.3 34.9 0
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Fig. 2 Phased array acoustic field simulation of

45° deflection and 10 mm depth focusing
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Fig. 3 Acoustic field experimental measurement

instrument for phased array ultrasonic testing
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