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Abstract
In order to overcome the limitation that traditional rigid probes cannot fully adhere to curved sur-
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faces, a flexible ultrasonic linear array transducer composed of piezoelectric material PZT-5H and
polydimethylsiloxane (PDMS) was designed. Simulate and analyze the impedance performance
and pulse echo characteristics of the designed flexible transducer using the finite element software
COMSOL, and obtain the center frequency, -6 dB bandwidth, emission voltage response. Then, the
detection of cracks in metal pipes using this flexible transducer on concave and convex surfaces
was simulated separately. The simulation results show that the center frequency of the transducer
is 21.5 MHz, with a -6 dB bandwidth of 51.2%. When the transducer is concave or convex, its sound
pressure level meets the detection requirements and can be used to detect cracks in steel pipes.
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Figure 1. Structural drawing of single element of ultrasonic transducer
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Figure 2. Structural drawing of flexible linear array transducers with different shapes
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Figure 3. Diagram of crack detection models with different shapes
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Figure 4. Echo characteristic curve and spectrum curve of transducer
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Figure 5. Transducer transmit voltage response
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Figure 6. Sound pressure level distribution diagram of flexible linear array transducer
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Figure 7. Sound pressure level distribution of flexible linear array transducers at different depths

B 7. RMLERERTIRIREERERS

DOI: 10.12677/mos.2024.133204

2229

B A


https://doi.org/10.12677/mos.2024.133204

F3E ¥

60 — JoERfG
— HERMG

20 =

AL (V)

-40 b

-60

| | 1 | 1 1 |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
BfE Cus)

Figure 8. Defective and flawless transducer terminal voltage for concave steel pipes
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Figure 9. Enlarged diagram of transducer terminal voltage

[ 9. HrEERLLIHEBERARE

DOI: 10.12677/m0s.2024.133204 2230 A ()


https://doi.org/10.12677/mos.2024.133204

ZF5E F

[ — R
60 —

40 =

20 =

g E (V)
(=)
—

-20

40

-60

] ] 1 ] 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
IfE] Cus)

Figure 10. Defective and flawless transducer terminal voltage for convex steel pipes
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Figure 11. Enlarged diagram of transducer terminal voltage
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