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Abstract. Stable and uniform sound distribution is a key factor in high precise volume 

determination of solid material especially for mass standards. A numerical study is carried out to 

study the distribution and uniformity of sound pressure. The FEM simulation results show that the 

sound pressure distribution gradient of the small chamber is better than large chamber. With the 

FEM model in this paper, the maximum sound pressure level change is only 0.003 DB (RMS). And 

also for small chamber, the sound pressure signals are higher and more easily to be acquired for real 

measuring system.  

Introduction  

Volume determination of solid material is important in the air bouncy correction for mass 

metrology and industrial application. Acoustic method is a non-contact volume determination 

method based on gas compressibility laws. Acoustic method is based on gas compressibility laws. 

In state of gas is adiabatic, the air pressure, P, has a constant relation with the volume of air, V, as 

expressed in Equation1: 

P V cons                                                              (1) 

When using a loud speak in a closed chamber, the sound pressure which is a physically pressure 

vibration based on air pressure, has the linear relation with the volume of closed chamber. Here, γ is 

ratio of specific heats, which is 1.40 at atmospheric pressure and room temperature.  

To determine the volume of a solid material such as mass standard, M. Ueki et al. firstly 

developed an acoustic measuring system to measure the volume of mass weights ranging from 100 

g to 10 kg with a relative uncertainty of 1×10-3 (k=2), and measure the volume of mass weights 

ranging from 1 g to 100 g with combined standard uncertainty is below 0.0021 cm3. [1-6] an 

acoustic volume measuring system has also been developed by National Institute of Metrology 

China (NIM) to extend the measurement range of mass weight up to 20 kg. [7] The solid material’s 

volume is determined by measuring to sound pressure in two closed chamber. For high precise 

volume measurements, the sound pressure in the closed chamber as an essential parameter needs to 

be stable and uniform. 

To achieve higher volume determination accuracy, a numerical study is carried out to study the 

distribution and uniformity of sound pressure. And experiments are also carried out to evaluate the 

effects of numerical study, and the uncertainty of measuring results is discussed. 

Numerical Simulation Methods  

Figure 1 shows the schematic diagram of self-designed measuring apparatus made of aluminium 

alloy with two measuring chambers. The signal generator will generate the sine drive signal to the 

loud speaker located between the two closed chambers. The loud speaker will vibrate and compress 

the air in two chambers with same amplitude and reversed phase, and will generate two sound 

pressures in the two chambers. Two sound pressure sensors locate in the side wall of chamber, will 
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acquire the sound pressure signal. Through the amplifier, the sensing signal will transfer to the 

control computer for calculation the sound pressure. 

The acoustic volume measuring system has no complicated intake and exhaust system. The 

design principle is to get high accuracy and stability of sound pressure. The two measuring 

chambers have the structures of simplified cylindrical shape as showed in Figure 1. And the 

calculation of the sound pressure equations in the actual systems is difficult to obtain analytical 

solutions. Therefore, the finite element modelling (FEM) and simulation method is applied to the 

optimization analysis and design of the measuring stability and accuracy of the acoustic volume 

measuring system. 

 

 

Figure 1. Schematic of the principle of the sound pressure generating in the measuring system 

The loud speaker is driven by a single sinusoidal frequency signal generated by the signal 

generator. When the reflected sound waves generated by the vibration of the chamber and the loud 

speaker are not taken into account, the sound pressure in the chamber is generated by the sound 

pressure at the single frequency. Therefore, the actual measuring system is the interaction of sound 

and vibration, whose acoustic wave equation is 
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in which as

eM  and sa

eK  are coupling terms.  

The degree of coupling is related to media density and wall stiffness. The wall of the chamber is 

aluminum alloy; the sound wave propagation medium is air, whose densities are quite different. 

Also, the chamber wall is thick and its stiffness is good, the sound and vibration coupling in the 

measuring system is small. Therefore, in the calculation of the chamber sound pressure distribution 

of this paper, the coupling of the vibration is not taken into account, the discrete equation of 

acoustic fluctuation can be simplified as Equation 3: 
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Sound field distribution meets the acoustic wave equation as showed in Equation 3. The medium 

of sound wave propagation is air, whose viscosity is very small, the influence of the sound field 

distribution in the short distance is very small, and can be regarded as the ideal fluid with no 

viscosity. Acoustic amplitude is small. The sound pressure is very small compared with the static 

air pressure. In this FEM simulation, it is assumed that the air in the medium is uniform when no 

sound is disturbing, and the static pressure and the density of the air in the chamber are not changed 

with time and position. 
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The finite element model of the chamber is shown in Figure 2. Only one of the chambers is 

selected for modelling because the left and right chambers are substantially symmetrical. 

 

              
(a)                                                                        (b) 

Figure 2. Modeling and meshing of finite element models for measuring large chambers (a) and 

small chambers (b). 

One point sound source is put on the location of joint point of two chambers. The speaker's drive 

signal is the source of the sound pressure generated by the vibration of the speaker, whose 

characteristics, such as frequency and amplitude, have great influence on the stability and 

uniformity of the sound field in the chamber. The frequency of driving signal will affect the 

stability and precision of sound pressure ratio. The sound field distribution in the chamber finite 

element model is calculated by using the point acoustic source model as the excitation, and the 

distribution of sound pressure at each frequency is analyzed. 

Two sets of finite element models with different geometrical dimensions are established to 

analyze the influence of air volume on sound pressure distribution and sound pressure ratio stability 

under the same frequency condition. The model uses a quadrilateral mesh for partitioning. 

Simulation Results Analysis and Discussion  

The experiments of acoustics measurement show that the most stable region of the sound pressure is 

mainly related to the frequency and amplitude of the sinusoidal driving signal. And experiments 

show that the higher measuring accuracy can be achieved at the lower frequency, especially around 

43 Hz. Thus to evaluate the efficient of the FEM model, the simulation analysis results selected low 

frequency 43 Hz and high frequency 2000 Hz for sound pressure contrast analysis, as is shown in 

Figure 3.  

 

                       
(a)                                                                          (b) 

Figure 3. Contours of sound pressure level at 43 Hz (a) and 2000 Hz (b) calculated using a large 

chamber simulation model 

Compared with high frequency, the distribution of sound pressure in the whole chamber is more 

uniform at low frequency, the range of sound pressure is only 0.029 dB (RMS) in chamber, and 

66.799 dB (RMS) in high frequency. At high frequencies, the sound pressure level gradient is 

mainly distributed in the vicinity of the point sound source, in the far away from the point source, 
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the sound pressure is relatively uniform. And the simulation results agree with the experimental 

results. 

Figure  4 shows the sound field distributions in the large chamber and the small chamber at the 

drive frequency of 43 Hz. As the simulation results show, the sound pressure distribution of the 

large chamber and the small chamber is relatively uniform at low frequency, the sound pressure 

level gradient is small, the distribution gradient of the small chamber sound pressure level is smaller, 

the maximum sound pressure level change is only 0.003 DB (RMS). 

 

                 
(a)                                                                             (b) 

Figure 4. Contours of sound pressure level of the large chamber model (a) and the small chamber 

model (b) at 43 Hz Sine drive signal 

Figure 5 shows the comparison of the sound pressure levels of the large chamber and the small 

chamber with drive frequencies from 1 Hz to 100 Hz. Although when the drive frequency is large 

than 20 Hz, the sound pressure in the same slope, the sound pressure level is higher about 9.8 dB 

(RMS) in small chamber than that in large chamber. This indicates that for small chamber, the 

sound pressure signals are more easily to be acquired for real measuring system. 

 

 

Figure 5. Comparison of the sound pressure levels of the large chamber and the small chamber with 

drive frequencies from 1 Hz to 100 Hz 

Conclusions 

In this paper, A FEM model is designed to study the distribution and uniformity of sound pressure 

in volume determination with acoustic method. The FEM simulation results show that the sound 

pressure distribution gradient of the small chamber is better than large chamber. With the FEM 

model in this paper, the maximum sound pressure level change is only 0.003 DB (RMS). And also 

for small chamber, the sound pressure signals are higher and more easily to be acquired for real 

measuring system. 
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