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Study on Non—contact Ultrasonic Transducer for Measurement of Fruit Firmness

S. Lee

T. H. Ha

K. B. Kim M. S, Kim

This study was conducted to develop an non-contact ultrasonic transducer for measurement of fruit firmness. The center

frequency of non-contact ultrasonic transducer was 500 kHz. As an active element of non-contact ultrasonic transducer, the

1-3 piezoelectric composite material was selected. That material has high piezoelectric properties such as electro-mechanical

coupling factor, k; and piezoelectric voltage constant, d3; and also that material has low acoustical impedance which enables

to matching the acoustical impedances between piezoelectric material and air. As a front matching material between 1-3

piezoelectric composite material and air, various kinds of paper with different thickness were tested. To control the dead-zone

of the fabricated non-contact ultrasonic transducer, the backing material composed of epoxy resin and tungsten powder were

made and evaluated. The fabricated non-contact ultrasonic transducer for fruit showed that the cneter frequency, bandwidth

and beamwidth were approximately 480 kHz, 30 % and 12 mm, respectively. It was concluded that non-contact measurement

of apple firmness would be possible by using the fabricated non-contact ultrasonic transducer.

Keywords : Firmness, Fruit, Non-contact, Ultrasonic transducer
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Fig. 1 The structure of non-contact ultrasonic transducer for fruit.
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Table 1 Physical and electrical properties of PZT and 1-3 composite
piezoelectric material

1-3 composite | PZT
Thickness coupling coefficient (%), ki 48 50
Piezoelectric strain constant, ds; 583 350
Piezoelectric voltage constant, g33 19 24
Mechanical quality factor, Qum 65 400
Acoustic impedance (MRayl), Z, 13 31
Sound velocity (m/sec), Vs 3,200 4,062
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L = Thickness of front matching layer (m)
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Table 2 Basic weight and thickness of selected paper materials

Paper type Basic eright Thickness Impedance
(g/m") (mm) (MRayL)
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Table 3 Ultrasonic velocity, density, and acoustic impedance of
backing materials

Velocity Density Impedance

(m/sec) (kg/m’) (MRayL)
Epoxy (Araldite) 2620 1140 3.0
Epoxy:Tungsten = 1:2 1361 2782 3.8
Epoxy:Tungsten = 1:4 1286 4322 55
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Fig. 3 Ultrasonic experimental measurement setup.
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Fig. 6 Comparison of ultrasonic signals through air among various backing materials.
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Fig. 7 Comparison of ultrasonic signals through air among various front matching layer.
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Table 4 Comparison of peak amplitude among various front
matching layers

Paper type A B C D
Peak amplitude (V) 1.93 2.10 2.25 1.90
Relative amplitude (db) 0.14 0.87 1.47 0

Fig. 8 Fabricated 500 kHz non-contact ultrasonic transducer.
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