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Numerical study of the geometric parameters effect on acoustic pressure of focal
point of a linear phased array ultrasonic transducer

Yousef Hojjat , Saeed Ansari, Mohammad Reza Karafi

Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
* P.0.B. 14115-143 Tehran, Iran, yhojjat@tmu.ac.ir

Keywords Abstract

Phased array Phased array transducers because of their unique features, are used in many applications. Application of
time delay such transducers in non-destructive tests to detect defects such as porosity and crack, as well as stress
wave focusing measurement, in medicine for medical imaging and treatment of diseases, as well as in navigation range

acoustic pressure finder and acoustic (sonar), are some of the applications of this system. One of the important features of

this type of transducer to other transducers, is the ability to focus waves at any distance and angle. The
main objective of this paper is to study geometric parameters of a linear phased array transducer with 8
piezoelectric elements such as width and thickness, the distance between elements as well as excitation
frequency and voltage on acoustic pressure at the focal point using numerical methods. First, for the
purpose of verification, the experimental result of an element was compared with the numerical
approach. The experimental tests confirm the transducer’s behavior in terms of design, extracted
algorithm and also the simulation. Acoustic pressure along the crystal axis was measured using both
experimental and numerical methods. Experimental tests confirmed the accuracy of the transducer
behavior in term of acoustic pressure. Operating frequency and mode shape of piezoelectric element
disc shape with 53 mm diameter and thickness of 5 mm, was calculated using the finite element method.
First radial mode in frequency of 45649 Hz was chosen as suitable frequency and shape mode.
Algorithm to obtain the elements time delay to focus the waves was developed in the form of a
computer program and its validity was investigated using the finite element method. As expected, due to
the superposition of acoustic waves in the focal area over a period of time, its acoustic pressure is more
than the time at which all crystals get excited simultaneously.

Please cite this article using: S lod o3l Jad Wyl 1 e (il & gla ) gl
Y. Hojjat, S. Ansari, M. R. Karafi, Numerical study of the geometric parameters effect on acoustic pressure of focal point of a linear phased array
ultrasonic transducer, Iranian Journal of Manufacturing Engineering, \VVol. 3, No. 1, pp. 33-40, 2016 (in Persian)
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Fig. 1 Piezoelectric elements embedded in piezocomposite [1]

[1] S2i9eelS ey 10 odda s S Sy p sl Lol 1 JS<

Multiconductor
coaxial cable
Backing
External
/ Inner
sleeve
Metallic |——
plating

Piezocomposite

Matching element

layer
Fig. 2 Schematic of a linear phased array ultrasonic transducer [1]
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Fig. 6 First radial mode in the resonance frequency of 45649 Hz of a
disk-shaped piezoelectric with a diameter of 53 mm and a thickness of
5mm
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