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Modeling of Radiation Beams from Ultrasonic Transducers in a
Single Medium
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Abstract Modeling of radiation beam from ultrasonic transducers has been investigated extensively, since it is one of
the most important, fundamental issues that have great influence on the accuracy of an ultrasonic measurement model.
Here, three popular radiation models, namely the Rayleigh-Sommerfeld integral model. the boundary diffraction wave
model and the edge element model. are discussed briefly, and the radiation beam fields from ultrasonic transducers
with planar, circular and rectangular cross-sections are calculated using these three models. Then, the accuracy and

the time-efficiency of these methods are compared based on the calculation results.
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Fig. 1 Geometry for calculating the pressure of
an ultrasonic transducer
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Fig. 2 Segmentation of the plane of a planar
transducer for calculation of the
Rayleigh-Sommerfeld integral

2] a0 g dam ™y

Fig. 3 Comparison of on-axis pressure profiles
of a 12mm diameter, 5MHz planar
transducer. zN is the normalized
distance from the transducer, where N
is the near-field length of the transducer
(solid line: edge element model(EEM),
dot line: boundary diffraction wave
model(BDW), +: Rayleigh-Sommerfeld
integral(RSH)
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Fig. 4 Comparison of pressure profiles at three
different distances (=N = 0.5, 1.0, 3.0) of
a 12mm diameter, bMHz planar transducer
(solid line: EEM, dot line: BDW, *: RSI)
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Fig. 5 Comparison of far-field pressure profiles at
z = 3.0N (solid line: Rayleigh-Sommerfeld
integral, *: Far-Field Approximation)
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Fig. 7 Geometrical terms for defining the
differential angle d¢ in the coordinate-
invariant form
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boundary diffraction wave model!
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Fig. 3 Geometry of division along a rectangular
transducer edge for adopting boundary
diffraction wave model
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Fig. 12 (a) Geometry of small, planar area
element, and (b) geometry associated
with an edge of a planar area element
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Fig. 16 A two-dimensional cross-sectional plot
showing the magnitude of the
normalized pressure wave field of a
5MHz ultrasonic transducer with a
diameter of 12mm
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Fig. 17 A two-dimensional cross-sectional (in
the x-z plane) plot showing the
magnitude of the normalized pressure
wave field of a 5MHz, 18mmX6mm
rectangular transducer
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