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Abstract 

  

In this paper the examination and validation of acoustics of power transformers using 

finite element method and experimental tests were performed. The development of the 

modelling system allows the precise and efficient computation of the coupled 

mechanical and acoustic fields of a three-phased transformer. The measured and the 

simulated values are found to be in good agreement. 
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INTDRODUCTION 

 

The power plants produced electricity, until transported to the people’s home, 

companies, users, etc., is transformed to different levels using transformer stations. 

The operating transformers make humming noise which depends on the level of the 

performance. The source of the transformer’s noise has a complex background. The 

noise is caused by the winding noise, magnetostrictive strain of core laminations, oil 

pumps or cooling fans, etc [1]. The noise level is limited by noise emission standards 

[2], [3], however, there is an increasing demand to design low noise emission 

transformers.  

The noise reduction of transformers is a very actual and important topic 

nowadays, and there is many  different active and passive solutions to decrease the 

noise level. The noise can be reduced with application of different vibration- or sound 

insulator materials, modification of the geometrical parameters or using active 

resonators.   

This paper is focused on the computer model which is useable for further 

investigations. In this study, numerical analyses and experimental acoustic test were 

performed on a transformer mock-up. Noise levels of the simulation and the 

experimental tests of the mock-up were compared to each other. 

 

TRANSFORMER MOCK-UP 

 

For this research a transformer mock-up was manufactured to examine the noise 

of the power transformers. The tank of the transformer mock-up has a rectangular 

shape with certain number of stiffener ribs on both sides. The number of the stiffener 

ribs is different on the opposite sides of the tank to study their effect on the noise level.  



An active vibration producer was developed to simulate the vibration of the 

magnetic core, which causes the humming noise in the transformers. This vibration 

producer was built-up from three metallic cylinders (according to the three-phased 

transformer), as shown in Fig. 1. Each of the cylinders contains a pair of high-

performance subwoofers. A control unit was created to control and set up the vibration 

level and the phase of the cylinders. The subwoofers are driven in anti-phase in one 

cylinder. The transmitter unit transmits the sine signal in the frequency range of 55Hz 

to 530Hz. The cylinders are de-phased by 120 degrees.  

 

 
Figure 1 

Experimental installation of the transformer mock-up 

 

MEASURING THE SOUND PRESSURE 

The sound pressure was measured [4] by a TES-1352 Sound Level Meter [5], 

with C weighting. An aluminium frame was built for fixing the sound level meter to 

ensure the test repeatability and to compare different test configurations. A cart, which 

was responsible for moving the measuring device on the track, was placed on the 

frame. The measuring process was automated and software controlled. The 

measurement process was tracked (the horizontal coordinate of the measurement point 

and the actual sound pressure level could be followed simultaneously during the test) 

and all of the values were registered for further investigation. The measurements were 

performed on the resonance frequency of the model (278.6Hz). The adjustments were 

calibrated before every measurement. 

The sound levels of the model were measured in a closed space. The effect of 

the closed space could not be taken into consideration precisely in the FE model, even 

though the simulated and the measured values are in good agreement at the upper part 

of model, where the effect of the reflections had prevailed less. The following 

parameters were set for the measurements: 

 

1. Measuring length: 1500mm (longer side of the tank), and 440mm (shorter side 

of the tank) 

2. Horizontal distance of the measuring points: 20mm 

3. Measuring time: 3s 



4. Vertical measuring distance: 50mm (Vertical positions: 0, 50, 100, 150, 200, 

250, 300, 350, 400, 450, 550mm) 

5. Measuring frequency: 278,6Hz 

6. 40 measuring points, in case of the lid  

 

COMPUTER MODEL OF THE TRANSFORMER 

 

A coupled mechanical and acoustic field problem was solved for the 

transformer mock-ups in the COMSOL Multiphysics finite element software [6]. The 

calculations were performed by a fully 3D FE simulation. The task was carried out in 

two steps: 

1. Coupled fluid-structure interaction task: The examination of the interactions 

between the active body, air and the tank 

2. The execution of exterior acoustical task coupled with the acceleration field 

of the tank 

CAD model of the transformer was drawn in Solid Edge for the simulation (Fig. 

2). Elements such as bolts, flanges, sealing materials, fillets at the end of the ribs were 

removed because these elements would have increased the computing time 

unnecessary, while they have no significant effect on the noise distribution. Different 

allocation patterns of the ribs were used on the sides of the model to examine the 

effects on the noise level distribution, according to the mock-up. 

 
Figure 2 

CAD model of the tank 

 

ACOUSTIC MODEL  

 

By the induced magnetic core the sound waves in the surrounding environment 

implies surface pressure on the tank. The propagation of the sound waves in fluid (in 

this case the fluid is air) described by the following equation (1): 
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where p is the acoustic pressure, c the speed of sound. The air is considered as non-

viscous material. The first boundary condition defined as the fluid loading of the active 

part (2) 
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where n


 a vector normal to the surface. The second boundary condition is given by the 

particle velocity continuity between the fluid and structure (3) 
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where vf is the particle velocity of the fluid and u


 is the displacement vector. The 

relationship between the pressure and the velocity is obtained using the linear equation 

of motion yielding (4) 
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where ρ is the density of the fluid, u


 is the displacement vector [8]. 

 

Air-filled mock-up was simulated in accordance with the measurement. The 

material of the tank was structural steel for the model. The model was placed in a half-

infinite space. The space was mapped by a hemisphere with a radius of 1.5m. The 

model was placed in the centre of the hemisphere. The ground was considered as an 

ideal reflecting boundary condition in the model. The finite element mesh of the active 

part was created from four-node linear tetragonal elements. The total number of 

elements was 82458. The material properties used for the analysis were based on the 

literature (Table 1) [7]. 

 

Table 1. 

Material Properties of the active part 

 Young’s modulus [GPa] Poisson’s ratio Density [kg/m
3
] 

Frame represent the 

magnetic core 
190 0.3 7800 

Cylindrical vessel 190 0.3 7800 

Concrete 25 0.33 2300 

Subwoofer 250 0.25 7000 

Membrane 105 0.33 4940 

 

Radially ideal sound propagation boundary condition was set at the boundary of 

the hemisphere. The model of the mock-up had 270449 four-node, linear tetragonal 

elements, the exterior air had 190867 elements (Figure 4). The acoustic-structure 

interaction task had 1025034 degrees of freedom, while the coupled purely acoustic 

task had 281708 degrees of freedom. The computation was carried out on an Intel 

Xenon 2xE5430 @ 2,66GHz 32GB RAM computer. 

 



  
Figure 3 

1
st
 eigenfrequency of the active part 

Figure 4 

FE mesh of the mock-up 

  
Figure 5 

277.6Hz induced vibration response of 

the tank  

Figure 6 

Acoustical field around the tank 

 

COMPARING THE MEASURED AND THE CALCULATED VALUES OF THE 

SOUND LEVEL 

 

There was no significant deviation in the results at the height of 550mm 

between the 3D FE simulation and the experimental test. The average sound level in 

the experimental model was 82.4dB, while for the numerical model it was 82.2dB. The 

coupled acoustic-structure simulation was verified by the experimental test and the 

obtained sound pressure distributions are in good agreement (Fig. 7.). This transformer 

model can be used for further acoustical research in the field of the transformer design. 
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Figure 7 

Sound pressure distribution at 550mm 



CONCLUSIONS 

 

3D FE simulations and experimental acoustic tests were performed to study the 

noise level around a transformer mock-up to assist the low noise emitted power 

transformer design. The results have contributed to the design of the actual transformer 

construction. Thanks to the innovativeness of the transformer mock-up it can be used 

in future noise reduction researches in accordance with today’s expectations. 
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