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Multi-element focused air-coupled transducer

WANG Xiaoyu! WU Haodong! GONG Xun! LI Congcong’
ZHANG Xiaodong? ZHANG De!

(1 Key Laboratory of Modern Acoustic, Nanjing University, Nanjing 210093, China)

(2 Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract This paper presents the design of air-coupled ultrasonic transducer and its application in surface
crack detection. In order to improve the acoustic energy transmittance and the sensitivity of the transducer,
1-3 type piezoelectric composites stacking with two matching layers is adopted to overcome the enormous
impedance mismatch between the piezoelectric composites and air. Based on this, 440 kHz multi-element
focused air-coupled ultrasonic transducer is developed and manufactured. The actual measured focal length,
focal width and focal depth of the multi-element focused air-coupled ultrasonic transducer are 41.44 mm,
1.14 mm and 20.30 mm, respectively, and its sensitivity and bandwidth are —50 dB and 20.2%, respectively.
The test results show that the air-coupled ultrasonic transducer has excellent performance, and can effectively
detect the surface crack of the material.
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Fig. 1 Samples of 1-3 type piezoelectric composite

and matching layers
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Table 1

piezoelectric composite and matching layers

Physical parameters of 1-3 type

P/ (kgm™3) FH/(m-s™1) FEHPT/MRayl

1-3 M
X :F Fﬁ 5240 3600 18.86
SHEME
VLELE 1 550 2700 1.404
VL2 2 30 900 0.027
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Fig. 2 The multi-element focused air-coupled ul-

trasonic transducer
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Table 2 Numerical results of focusing
characteristics
(ﬁ{ﬁ mm)
FEFE —3 dB % —3 dB iR
P A5 R 41.36 1.20 19.20
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Fig. 3 Schematic diagram of spatial distribution

of acoustic field
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Fig. 4 Experimentally measured spatial distri-
bution of acoustic field of the multi-element air-

coupled focused air-coupled ultrasonic transducer
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Table 3 Focusing characteristics of the
multi-element focused air-coupled ultra-

sonic transducer

(Bf7: mm)
fEE —3dB % —3 dB £EIF
MR g5 R 41.44 1.14 20.30
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Fig. 5 Schematic diagram of performance evaluation
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Fig. 6 Sensitivity and bandwidth of the multi-

element focused air-coupled ultrasonic transducer
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