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Analysis of influencing factors on beam width of parametric
acoustic array source
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Abstract: Beam width is one of important technical indexes to measure the performance of parametric acoustic array
(PAA). The PAA’s beam width should be calculated correctly in designing to ensure the performance of whole system.
Taking the PAA formed by a circular piston transducer as an example, the Westervelt theory and the
Khokhlov-Zabolotskaya-Kuznetsov (KZK) equation are used to calculate the PAA’s beam width respectively. The ac-
curacy of the numerical calculation of KZK equation in analyzing beam-width and its adaptability to far and near fields
is verified by experimental results. The shortcoming of the Westervelt’s formula for beam width calculation is indicated.
By simulation, the relationships between the PAA’s beam width and the frequency, absorption and array length are an-
alyzed, and the influence of PAA’s length on its beam width is explained in the physical sense.
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Table 1 The measured and caculated near-field beam widths
of parametric acoustic array
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Fig.1 Comparison between calculated and tested far-field beam
widths of parametric array
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Table 2 Comparison of PAA’s beam-widths generated by
different difference frequencies at the primary

frequency of 200 kHz
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AT HA AT
5 4.63 5.11
10 3.92 3.61
15 3.67 2.95
20 3.43 2.55
25 3.32 2.28
30 3.30 2.08
35 3.19 1.93
40 3.17 1.81
45 3.08 1.7
50 3.08 1.61
55 2.96 1.54
60 2.96 1.47
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Table 3 Comparison of PAA’s beam-widths generated by
different difference frequencies at the primary

frequency of 300 kHz
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Table 4 Comparison of PAA’s beam-widths generated by
different difference frequencies at the primary
frequency of 1 MHz
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125 3.95 5.11
150 3.77 4.66
200 3.73 4.04
250 3.38 3.61
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Fig.2 Variations of PAA’s beam width with frequency drop
ratio at the primary frequency of 200 kHz
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Fig.3 Variations of PAA’s beam width with frequency drop
ratio at the primary frequency of 300 kHz
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Fig.4 Variations of PAA’s beam width with frequency drop
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