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ABSTRACT

The radiant panel is transducer of the sound source output device, the installation space constraints under the 
condition of enrollment size, increase the radiation plate vibration amplitude of the focus of research. This paper 
only considering the influence of the materials of radiant panel vibration amplitude and has carried on the finite 
element software WORKBENCH and ATILA software analyzes the magneto strictive transducer radiant panel 
material influence on vibration amplitude frequency characteristics and the influence of sound field distribution 
inside the cavity. Results show that the same incentives and boundary condition, the aluminum material appeared 
radiant panel piston type when the frequency is highest, has the biggest output displacement which was of 4.48 to 
24.8 times to the other materials panel; After joining the cavity body, aluminum radiant panel inside the cavity 
acoustic pressure amplitude is the largest and the panel radiated sound pressure amplitude is of 1.2 to 2.4 times 
than the other material. Above conclusion for frequency miniature transducer radiant panel provides a strong basis 
for the design of the work.  

 KEYWORDS 

Transducer, Radiant panel materials, The vibration displacement, Frequency, Sound pressure amplitude, The finite 
element analysis.

1. INTRODUCTION

The transducer is a device that performs energy, conversion between two 

systems. In recent years, with the rapid development of new technologies 

and new materials, provides powerful backing for transducer research, 

ultrasonic magnetostrictive transducers have been widely used in the 

ultrasonic field due to their high magnetostrictive coefficient, high 

compressive strength, high mechanical response speed, and high 

temperature resistance [1]. The radiation board is a sound source output 

device of a transducer, according to the theory of acoustics, the vibration 

energy of the radiation plate in the elastic medium excites acoustic waves 

in the surrounding medium. The vibration characteristics of the radiation 

plate determine the characteristics of the radiation field. Increase the 

radiation area or vibration amplitude of the radiation plate can effectively 

increase the radiation sound power, but in the case where the installation 

space limits the source size, increasing the vibration amplitude of the 

radiation plate becomes the focus of the study [2-5]. The material, size, and 

shape of the radiating panel are factors that affect the vibration amplitude 

of the radiating panel. In this paper, the five kinds of radiant panels are 

designed in the same shape and size. Only the effect of material on the 

vibration amplitude of the radiant panel is taken into account. The finite 

element simulation and simulation are carried out to provide a strong 

basis for the design of radiant panels. 

1.1 Magnetostrictive transducer structure 

Typical magnetostrictive transducer structure shown in Figure 1., its 

working principle is that when the excitation coil is switched to an 

alternating current, a magnetic field is generated in the coil, as a result, 

Terfenol-D rods generate a magnetostrictive axial motion, which 

promotes the continuous ultrasonic vibration of the radiant panel, realize 

the conversion of energy from electrical energy to sound energy [6]. 

1.Pressure ring 2. Vibration plate 3.Disc spring 4.Guide block 5.Magnet

6.Excitation coil 7.Shell 8.Coil skeleton 9.Adjustment screw 10.Permanent

magnet 11.Terfenol-D 12.Screws、washer

Figure 1: Magnetostrictive transducer structure 

2. RADIATION BOARD VIBRATION RESPONSE ANALYSIS

2.1 Circular plate theory of vibration 

For the circular plate vibration model shown in Figure 2, existing 

analytical solutions in elastic mechanics and structural dynamics, let w be 

the lateral displacement response of the circular plate, then w satisfies 

[7,8]: 
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Where 4  is a dual-harmonic operator,  -density，h-Thickness,
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 -Plate bending stiffness, 


-Poisson's ratio, w -Point in 

the direction of the z-axis displacement, ( )zyxf ,, -Excitation force

distributed on a unit area of a radiation plate. 
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Derived to solve the equation of amplitude： 
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0J
-Zero-order Bessel function, 0I

-Zero order imaginary Bessel function

。      

When the radiation plate appears piston vibration type, there is no pitch, 

pitch line, n=0, get the amplitude equation: 

( ) ( )0 0w AJ ka BI ka= +    (3) 

Where A and B are arbitrary constants, determined by boundary 

conditions and initial conditions. 

Circular plate vibration sound pressure calculation formula [9]: 
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among them，


-Medium density, c-Medium speed of sound， w -

Medium displacement amplitude,  -Angular frequency，u-Medium 

particle vibration speed. 

Sound field and sound pressure distribution are closely related to 

displacement w , under the same boundary conditions (A and B are 

equal), same radius a and height h, the displacement w is mainly related

to the material selected by the radiant plate [10,11]. So, selecting and 

learning radiation plate materials have great significance for improving 

the displacement amplitude of the laser plate and increasing the sound 

pressure amplitude in the resonant cavity. 

1.1 Amplitude and frequency characteristics of radiant panels 

of different materials 

Table 1: Five kinds of basic mechanical properties of metal 

materialsmetal materials 

material densitykg/m3 
Poisson's 

ratio 

Young's 

Modulus 

(Mpa) 

steel 7800 0.285 210000 

aluminum 2780 0.344 71400 

copper 8360 0.33 117000 

brass 8270 0.33 92000 

greycast iron 7340 0.25 120000 

Take 5 kinds of common metal material steel, aluminum, copper, brass and 

HT200 grey cast iron, the basic mechanical properties are shown in Table 

1.Through modal analysis, the radiation plate is calculated under the same

boundary conditions. The first six modes are shown in the figure. The first-

order modal piston oscillation pattern is an ideal vibration pattern 

(a) First-order mode (b) Second-order mode (c) Third-order mode (d) Fourth-order mode (e) Fifth-order mode (f) Sixth-order modes

Figure 2: Radiant panel first six order vibration mode 

1.2 Harmonic response analysis 

Harmonic response analysis of 5 materials corresponding radiant panel 
models using ANSYS Workbench finite element software, simulation of the 
working process of a radiation plate subjected to continuous sinusoidal 
excitation of a Terfenol-D rod using a numerical method. A 5 MPa 
continuous harmonic excitation is applied to a surface with a radius of 10 

mm on the center of the radiation plate. The frequency selection range is 
0-20000Hz and the step length is 100Hz. After analysis, the amplitude-
frequency distribution curve at the center point of the radiation plate 
model of different materials is shown in the figure. 

(a) Steel radiation board (b) Aluminum radiation board (c) Copper radiator (e) Brass radiation board (d) Gray cast iron radiation board

Figure 3: Different material corresponding amplitude frequency characteristics of radiant panel 

After observing the animation, all four kinds of radiant plates are in the 

first-order mode and all are piston vibration modes. Extract the 

corresponding data as shown in Table 2. 

Table 2: Different materials radiant panel model amplitude frequency 

distribution 

Material frequency/Hz Vibration ode Deformation /mm 

steel 13917 Axial 0.184 

aluminum 13809 Axial 4.57 

copper 10818 Axial 1.02 

brass 9050.2 Axial 0.439 

grey cast iron 10769 Axial 0.67 
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Can be seen from Table 2: the radiating plates corresponding to the five 

kinds of materials have the maximum displacement response at the first  

mode frequency of the piston vibration mode, when the five kinds of  

materials correspond to the radiating plate, the frequency value of the 

piston vibration mode is reduced by the radiation plate materials steel, 

aluminum, copper, gray cast iron, and brass. Among them, the frequency 

values of the radiant plates corresponding to the steel and aluminum 

materials are all approximately 13900 Hz, brass Corresponding Radiator 

Frequency Value 9050.2Hz Minimum. The output displacement 

amplitudes of the four types of radiation plates are reduced by the material 

aluminum, copper, gray cast iron, brass and steel. The output 

displacement of the aluminum material to the radiation plate is 4.57 mm, 

it is 4.48-24.8 times the displacement of other kinds of materials. It can be 

seen that the aluminum radiation plate can output a larger displacement 

amplitude under high-frequency vibration and is an ideal radiation plate 

material. 

3. DISTRIBUTION OF SOUND FIELD GENERATED BY RADIATIVE
PLATES OF DIFFERENT MATERIALS IN COLUMN-SHAPED ENCLOSED 
CAVITY 

For the study of the sound field distribution in a closed resonant cavity 

with a radiant plate at the front end, it is difficult to obtain an analytical 

solution due to a large number of influencing factors. Using finite element 

numerical simulation method can effectively solve this problem. Create 

four kinds of radiation board two-dimensional model in GID software as 

shown in Figure4, a coustic energy output ends with the same size 

cylindrical resonant cavity structure, assigning Resonators to Materials in 

Elastic Materials - STEEL1, radiation board- STEEL1, Gas medium-AIR 

FLUID; conditions force F = 1570N continuous force is applied to the 

surface of the radiant panel with a center radius of 10mm to impose a fixed 

constraint on the bottom edge of the resonator, applying a fixed constraint 

on the bottom edge of the resonator. Problem Data Selected 2D 

HARMONIC Analysis, select frequency range 1000Hz-20000Hz in Interval 

Date, take 200Hz as the step. After Meshing automatically generates the 

mesh, the model is imported into ATILA Acoustics analysis software for 

calculation. 

(a)Closed cavity 1 (b) Closed cavity 2 (c) Closed cavity3（d) Closed cavity4 (e) Closed cavity5

Figure 4: Closed cavity two-dimensional material model 

Figure 5 (a) - (d) shows the distribution of the maximum sound pressure 

generated in the closed cavity when the resonators are connected to the 

same size and the closed cavity of the material, and the resonators vibrate 

at the fundamental frequency respectively. According to the data obtained, 

it can be seen that when the pulsating pattern of the cavity of the five 

groups of cavities appears, the frequency is greatly reduced when the 

standing wave pattern is generated in the cavity and the radiation plates 

of different materials have a significant effect on the distribution of sound 

field and pressure changes in the resonant cavity. Observing the 

animation, it can be seen that the acoustic wave frequencies and 

amplitudes in the same cross-section of the resonant cavity corresponding  

to different shapes of radiation plates are all equal, the red and blue bands 

representing the wave crests and antinodes appear alternately with a 

phase difference of 180º. This shows that near the fundamental frequency 

of the resonant cavity, a quasi-wave sound field can be generated in the 

corresponding resonant cavity of different material radiation plates and 

the sound pressure amplitude varies greatly. The sound pressure 

amplitudes produced by the five chamber chambers are reduced by cavity 

2, chamber 4, chamber 3, chamber 5, and chamber 1. The maximum 

amplitude of the sound pressure radiated from the aluminum radiant 

panel is 640.3Pa, which is 1.2-2.4 times that of other materials 

corresponding to the radiated sound pressure of the radiant panel. 

(a) Cavity 1  (b) Cavity 2   (c)Cavity3     (d) Cavity4     (e) Cavity5

Figure 5: Different radiant panel combination structure acoustic press 

4. CONCLUSIONS

The following conclusions were obtained by numerical simulation of the 

radiant panel of different shapes. 

Under the same excitation condition, when the radiant plates of different 

materials appeared the piston vibration modes, that the frequency values 

were successively reduced by steel, aluminum, copper, gray cast iron and 

brass. Radiant plates of different materials were excited at their respective 

fundamental frequencies to produce maximum displacement output, the 

amplitude of the output displacement was successively reduced by 

aluminum, copper, gray cast iron, brass and steel. The displacement value 

of the aluminum radiant panel was 4.57mm, which was 4.48-2.48 times 

the output displacement of other materials. It could be seen that the 

aluminum radiant panel could output large displacement amplitude at 

high frequency vibration, which was the ideal material for radiant plate.  

Under the same excitation force and boundary constraint conditions, the  

same resonant tube was added, it’s the material, size and boundary 

conditions all affected the sound field distribution, so the vibration 

frequency of the combination of the resonant cavity and radiation plate 

was reduced. The standing waves in the five groups chambers were 

generated at the fundamental frequency, and the amplitude of acoustic  

pressure in the cavity is reduced by cavity2, cavity4, cavity3, cavity5, and 
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cavity 1 in sequence. The maximum amplitude of the sound pressure 

radiated from the aluminum radiant panel was 640.3Pa, which was 1.2-2.4 

times that of the other material radiant panel.  

Under the same size, shape, excitation force and boundary conditions, the 

above analysis results showed that the amplitude of vibration of the 

aluminum radiant plate and the sound pressure in the same resonant all 

were the largest. The paper provided favorable basis for the design of 

radiant plates with high frequency, large amplitude and high sound 

intensity. 
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