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Fig. 1. Schematic diagram of cylindrical acoustic
transducer array: (a) Circular ring shape piezoelectric
ceramic transducer element; (b) structure of cylindri-

cal acoustic transducer array.
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Fig. 2. Schematic diagram of circular ring piezoelec-
tric transducer elements in acoustic excitation: (a) A

single ring line source; (b) a single element.
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Fig. 3. Schematic diagram of controlling the radius
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of circular ring acoustic focused field: (a) Schematic
diagram of focusing; (b) geometrical relationship of

focusing.
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Fig. 4. Schematic diagram of controlling the axial loca-
tion of circular ring acoustic focused field: (a) Schematic
diagram of focusing with deflection; (b) geometrical rela-

tionship of focusing with deflection.
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Fig. 5. (color online) Control the size of the focusing acoustic field: equivalent sound pressure level for array

element (a) N =4, (b) N =38, (¢) N =16, (d) N =32.
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Fig. 6. (color online) Control the radius of the focusing acoustic field (F' = 30 mm (left figures), 50 mm (right
figures); v = 0°): (a), (b) focused beam spreading; (c), (d) equivalent sound pressure level; (e), (f) focusing
ring of —3 dB equivalent sound pressure level; (g), (h) XOY sectional view of focusing ring (Fz = 0).
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Fig. 7. (color online) Control the axial location of the focusing acoustic field (F' = 30 mm (left figures),
50 mm (right figures); v = 10°): (a), (b) Focused beam spreading; (c), (d) equivalent sound pressure level;

(e), () focusing ring of —3 dB equivalent sound pressure level; (g), (h) XOY sectional view of focusing ring

(Fz = F/sin~).
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Abstract

Based on Huygens principle about the aspect of phased array, this paper presents a structure of cylindrical acoustic
transducer consisting of circular ring piezoelectric transducer elements in radial vibration mode, which can be used
to achieve the ultrasonic nondestructive test for the cylindrical scanning acoustic field in three-dimensional space. By
analyzing the acoustic field of a single ring line source and a single element, the sound field distribution of the phased
array is obtained for constructing circular ring acoustic focused field. By means of the phased array incentive mode, the
phase difference of driving signals is generated and forms a regular time delay; with the accomplishment of sound field
scanning in cylindrical three-dimensional space, the circular ring acoustic focused field can be controlled in real time.

Theoretical analysis and finite element simulation results demonstrate that the size of the circular ring acoustic
focused field can be controlled by the numbers of the excited array elements, which are 4, 8, 16 and 32 respectively in our
work. We find that with more array element numbers, the circular ring acoustic field has better focused features. The
radius size of the circular ring acoustic focused field can be controlled by the different locations of the focus positions
which are 30 and 50 mm respectively in our work. And we find that as the distance between the focus positions and the
center of piezoelectric wafer becomes longer, the radius of the circular ring acoustic focused field becomes bigger, and
the position of the focus is equivalent to the radius of the circular ring acoustic focused field. The movement along the
axial direction of circular ring acoustic focused field can be controlled by the angle of deflection, which are set as 0°,
10° respectively in our work. And we find that the circular ring acoustic focused field is deflected in a corresponding
deflection angle along the Z-axis, and the moving distance is Fz = F/siny. With the theoretical analysis and the
experimental simulation, it can be shown that the structure of cylindrical acoustic transducer array presented in this
paper could create an adjustable circular ring acoustic focused field and can potentially provide an acoustic field scan

method in detection ultrasound, medical ultrasound and other areas of a cylindrical space.
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