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Fig. 1. Applications of ultrasonic radiators: (a) Food drying, (b) Defoaming in the beverage industry, (c)
Separation of fine particles in the air and (d) Atomization of liquids [7]
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Fig. 2. Shape type, application [2] and conceptual design of high power ultrasonic vibration radiators, a)
Circular, b) Rectangular and c) Cylindrical
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Fig. 3. Schematic view of ultrasonic airborne including transducer, booster and circular radiator plate
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Fig. 4. (a) Stepped radiator with steps of different heights (Concentrated field) and (b). Radiator designed with
steps of the same height (Homogeneous field)
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Table. 1. Mechanical properties of ultrasonic radiator vibrating components in simulation
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Fig. 5. Modal analysis results (@) Main mode shape (frequency 20108 Hz) and (b) Adjacent mode shape
(frequency 19178 Hz)
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Fig. 6. Flexural mode shape of the circular radiator plate at the resonant frequency of 19967 Hz
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Table 2. Impedance test results®of ultrasonic circular radiator

F, (Hz)

F, (Hz)

Fgp (Hz2)

Q,,

Zmin (OHM)

Zmax (OHM)

YAARY

144-9

\s

\YYE/VE

AP IS

Y- O/AD

I Anti-Resonance




Log (Z)

()

Log (Z)
I\\]I\\I]\Wy!lf\lfl!l\\ll\\\]

2.5
2
1.5 [ I N I T N
10000 15000 20000 25000
Frequency (Hz)
N —————— Phase
5
50
9 -
2T
A |
=50 = g i
| ! ! !
i ! !
| H [ I
'v_ | L1 I T B 5

| % 2
10000 15000 20000 25000
Frequency(Hz)

cswiliwel 53031 olimws lawgs 35 ygkus YO (Ve ol 13 00gumo 30 (il y5- 515 yIB8g05 () 9 uilS y5— wilisol 1o g0d (A1) A Sl

Fig. 9. (a) Impedance-frequency and (b) Phase-frequency diagram in the frequency range of 10 to 25 kHz by the
impedance test
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Fig. 10. Comparison of radiator surface amplitude results obtained from experimental test and finite element
simulation
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Finite Element Simulation and Experimental Evaluation of
an Ultrasonic Radiator
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ABSTRACT

In the current research, finite. element simulation and experimental tests have been used to design,
manufacture and evaluate_ the performance of a high-power ultrasonic circular radiator called ultrasonic
airborne. The two main goals in.the design are to achieve a nominal resonance frequency of 20 kHz in the
longitudinal mode shape of the transducersand booster assembly and the flexural mode shape of the circular
radiator plate and to remove the disturbing mades from the frequency range of the main mode shape. After
designing and manufacturing the sample based on the simulation results, experimental tests consist of modal
impact test, impedance analysis and amplitude measurement were performed. Simulation results, including the
resonance frequency and position of the node andanti-node, were compared with the experimental results. The
experimental tests results of the resonance frequency compared with the simulation results, indicate the
accuracy of the prediction the results of the resonance frequency with the designed nominal value (error less
than 0.5%). Also, the disturbing mode shapes were at.an‘acceptable distance from the main flexural mode
shape of the radiator. Reasonable agreement is achieved between experimental vibration amplitude

measurement and finite element simulation predictions (position<of the node and anti-node).
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Circular radiator, Ultrasonic airborne, Finite Elements Simulation,=Resonance Frequency, Vibration
Amplitude.
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