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Abstract. The choice of the parameters of the secondary sound source which contain the number、
position and strength is a key part in the design of active noise control system of power transformer. 
Countering the practical applications environment of noise control of transformer, acoustic radiation 
model in half-free space is established. After selecting the sum of the squared sound pressures of 
the observation points as the objective function, the genetic algorithm is used to optimize the 
position of secondary sound source and the optimal source intensity can be resolved by using the 
analytical method. By single frequency experiment, the availability of applying optimization 
scheme of the secondary sound sources to practical transformer noise control is verified. 

Introduction 

With the rapid development of the national economy and the city extensions, the high voltage 
transmission line is introduced into the urban area, and many large capacity and high voltage power 
transformers are also entered into the urban area. The noise generated by the normal operation of 
power transformer will have a serious impact on the daily life and rest of the nearby residents, so 
people pay more and more attention to the noise pollution caused by this problem[1]. The problem 
of noise control is becoming more and more important. 

In principle, active noise control (ANC) can be viewed as the superposition of a secondary sound 
field, generated by the control system, on a primary, disturbing sound field such that the residual 
sound field is as small as possible. So, basically, the objective of the active control system is to 
generate a secondary sound field that matches the primary sound field as closely as possible, both in 
time and in space[2]. Compared with the traditional passive technology, active noise control 
technique is especially suitable for low frequency noise[3]. An active noise control system is mainly 
divided into physical and electronic part. The purpose of the physical design is to determine the 
number of secondary sound sources and its locations and strength in the acoustic field. The choice 
of the parameters of the secondary sound source not only affects the stability of the whole control 
system, but also affects the control effect of the noise[4].A great amount of literature has focused on 
the control strategies or algorithms, but little research has been conducted in addressing the 
optimized design of the ANC physical system.   

In practical engineering applications, there are only some areas have the requirement of noise 
control such as residential building near the substation. In order to achieve the purpose of local 
spatial noise cancellation, Mazzanti [5] proposed to use the array type secondary source to achieve 
the purpose of local spatial noise reduction. 

In paper[6], the influence of the relative parameters of the secondary sound source array, such as 
the number of the secondary sound source, the distance between the secondary sound source, and 
the distance between the secondary sound source and the noise source, is analyzed in theory, and the 
numerical simulation is carried out. The simulation studies the influence of the relative parameters 
by a single variable method. A multi-level sub array active control theory is proposed and applied to 
the local spatial control of the low frequency noise in[7]. In this paper, the influence of the number 
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of secondary sound sources and the spatial position of the secondary sound source is obtained by 
calculation and simulation based on the noise data of the transformer. In paper [8-9], a typical 
control arrangement with multiple secondary sources and multiple error sensors equally spaced in 
two parallel lines is proposed and results from computer simulation and experiments in an anechoic 
chamber show that there exists a range of optimal spacing for the secondary sources and error 
sensors. But the primary sound source can’t simply be considered as a point sound source, so it is 
difficult to achieve the design goal in the practical engineering applications. 

Through referring existed literature, being aimed to the application environment of transformer 
noise cancellation, the optimization parameter of different number secondary source is obtained by 
the combination method of analytical method and Genetic algorithm. Experimental results verify 
the effectiveness of the optimization scheme. 

Acoustic radiation model of transformer noise field 

Model of primary and secondary sound sources 
Given that the noise of power transformer radiated mainly by surface outward, and the size of 

power transformer is close to the half wavelength of acoustic wave, the radiation model of power 
transformer can be simplified to the model of the pulse spherical sound source neglecting the 
harmonic time factor j te   .And the radiation pressure can be expressed as Eq. 1: 
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Where pp is sound pressure of primary source at observation point, r  is the distance between 
the observation points and spherical center, 0r  is radius of the sphere. A is complex numbers, A  
is its amplitude, q is its phase angle. 0r is air density, 0c is the propagation velocity of sound waves 
in the air, a is the amplitude of the vibration velocity of the spherical source, k  is wave number 
and 0/k c . 

In addition, because speaker is usually chosen as the secondary sound source in the active noise 
control system, its characteristic scale is negligible compared to the half wavelength of the sound 
wave, so the secondary sound source is approximately equivalent to the point sound source model, 
and the radiation pressure is given by Eq. 2: 
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Where sp  is sound pressure of secondary sound source at observation point, r is the distance 
between the observation points and point sound source, sq is intensity of secondary sound source. 

Acoustic radiation model transformer noise in the half free space 
If the ground surface is a reflection surface of space field, and the other directions are in accord 

with the condition of free space field, so this space field is often referred to half free space. Half 
free space acoustic field is a kind of sound field environment which is more suitable for the 
transformer. Radiated acoustic field of point sound source in the half free space can, by image 
theory, be equivalent to superimposed sound field of itself and its mirror image(also referred as 
virtual source)，it can be shown in Fig. 1. 
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The sound pressure of point sound source in half free space at the observation point P can be 

given by: 
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Where 1r and 2r are the sound source, the virtual source to the observation point of the distance, 
respectively,   is the sound reflection coefficient of rigid wall. 

Suppose a power transformer is located in the half free space field in which secondary source 
array comprised of N speaker is used to cancel the noise produced by the transformer and there is a 
noise plane to be cancelled in the far field. According to the superposition principle of sound waves, 
the acoustic pressure ap at observation point a in local area is:  

a p r sp p Z q                                                                   (4) 
Where pp  is acoustic pressure of primary sound source at point a , 1 2( , , , )T

s s s sNq q q q  is a 
1N   vector of intensity of N speakers is a 1N   column vector, rZ is row vector of the sum of 

acoustic transfer impedance from secondary sources and virtual source to the observation position a ,
rZ can be expressed as 
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Where sir and smir are the distance from secondary source and its virtual source to the observation 
point a , and  is the acoustic reflection coefficient of the ground. 

Similarly, the acoustic pressure of the M observation points, which is chosen from the noise 
plane to be cancelled, can be expressed as: 

M p Mr sP P Z q                                                                  (6) 
Where Mp is the column vector of the acoustic pressure of M observation points, 

1 2( , , , )T
p p p pMP P P P  is the 1M  column vector of sound pressures at the M observation points due 

to primary source. MrZ is the M N  matrix of acoustic transfer impedance from secondary sources 
to the M observation points and can be given by: 
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Where sijr and smijr are the distance of any secondary source i and its virtual source to the number 
j of the observation point, respectively. 

The sum of the squared sound pressures of the M points is chosen as the objective function of the 
control system 
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Where ( )sJ q is quadratic function of the intensity of secondary sound source. By minimization the 
objective function, the optimal source intensity can be resolved: 
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So with soq , the acoustic pressure of the M points can be expressed as:  

minM p r soP P Z q                                                                (10) 
In order to assess achievable attenuation with this distribution of secondary sources in the plane, 

another N monitoring points are chosen to calculate the attenuation level(AL), and the AL can be 
expressed as:  
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Where pip and Mip are the acoustic pressure pre-and post-adding secondary source respectively. 
The optimized scheme can be evaluated by the rough approximation of distribution of noise 
reduction which can be described according to attenuation level of the K monitoring points.  

By analysis of the radiation model of sound field, Eq. 4 and 6 are directly related to the distance 
which is closely linked with the locations of the secondary sound sources. So, in this paper, genetic 
algorithm is used to optimize the Position of secondary sources with different number, and then the 
optimal source intensity can be calculated by Eq. 9. Through the optimization of the secondary 
source parameter, active noise reduction system could minimize the noise level in the local plane.   

Optimization of the secondary source parameter 

The sketch of active noise control model of transformer is shown in Fig.3. Reflective surface of 
ground is chosen as the plane xoy of the 3D Cartesian coordinate system. For practical purposes 
that primary sound source and secondary sound source array are all on the ground; This paper 
simplify the power transformer to the model of the pulse spherical sound source, and we set its 
center at (0,0,2) as the radius of the primary source 0 2r m , the amplitude of vibration velocity of 
the transformer surface approximately 46 .3 1 0au   ; The secondary source array is parallel to the 
plane xoz ,and the geometric center of the secondary source array and the center of the sphere 
model are on the same line; The secondary source array and its image are symmetric about the 
plane xoy ; a 10 10m´  plane that is parallel to the plane of secondary source array is chosen as the 
noise reduction plane which is 10m away from the center of the primary source, the plane is divided 
into a 11 11 grid and 121 observation points is obtained; Air density and sound velocity are 0 1.29   
kg/m3, 0 344 /c m s respectively. 

The sum of the squared sound pressures of the M points is chosen as the objective function of the 
control system which can be optimized by the genetic algorithm. The parameter of genetic 
algorithm can be set as follows: the population size is 100 and crossover probability is 1.0cP  ; 
Uniform selection function is chosen as the variogram function and its variation probability is

0.01mP  ; The maximum number of iterations is 100 times. Each combination of secondary source 
would be optimized 10 times in relation to different number of speaker and then take an average as 
the final optimization results. And three parameters are chosen to be optimized: (1)The distance psr , 
between secondary source array and the center of the primary source which is greater than the 
radius of the pulse spherical sound source, that is 2psr  ;(2) horizontal space between two adjacent 
secondary source, 1ssr (3) longitudinal space between two adjacent secondary source, 2ssr . Finally, 
the optimization results is shown as Fig. 3: 
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Fig.3 The optimization results 
Some conclusions have been drew from Fig. 3: (1) whatever the number of secondary source is, 

the secondary sources array should try to be close to primary sources. (2)The distances of the 
horizontal and longitudinal space of two adjacent secondary sources are gradually decreasing as the 
increasing number of secondary source.  

Experiment on optimizing the parameter of the secondary source 

Experimental conditions 
To verify the validity and utility of the optimization scheme obtained from above section, our 

team performed an experiment. Experimental block diagram is shown in Fig. 4. Signal generator 
send out the single-frequency signal to drive the loudspeakers, combined with the method of 
low-frequency noise simulation and equivalence of power transformer proposed by Zhang[10], we 
could simulate actual noise level of substation by adjusting phase and amplitude of the signal which 
also input to industrial computer; The industrial computer calculates the secondary signal that is 
sent to drive the secondary sound source array; The noise level of the experimental site is measured 
by the noise meter. 

Our experiment performed in an open spaces which almost matched with the practical 
applications environment of noise control of transformer; in this paper, we choose two speaker to 
simulate the primary source; the secondary source array is parallel to the primary source; the noise 
plane to be reduced is 10m away from the primary source; To evaluate the performance of the 
optimization scheme, we choose A,B and C group of 15 points in the upper, middle and lower of the 
noise plane respectively to measure the noise reduction level, and both horizontal space and 
longitudinal space between two adjacent measuring points are 1m. The sketch of experimental site 
is shown in Fig.5. 

The experiment only certify the validity of optimization scheme, both position and strength 
which can be resolved by Eq. 9, with 4, 6 and 9 secondary source. In order to evaluate the 
effectiveness of the optimization scheme directly, the corresponding contrasted experiments are also 
performed. And the concrete setting is: the distance between primary source and the secondary 
source array is 1.7m; When the number of the secondary source is 4, horizontal space and 
longitudinal space between two adjacent are 0.7m and 1.2m respectively; When the number of the 
secondary source is 6, horizontal space and longitudinal space are 0.6m and 0.4m respectively; and 
when the number is 9, horizontal space and longitudinal space are 0.6 and 0.4m respectively.  
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1
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Fig. 4 Experimental block diagram                     Fig. 5 Sketch of experimental site 
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Experimental results and analysis 
First, open signal generator and measure the A-weighted sound pressure level of 100Hz 

single-frequency at monitoring points; Then, adjust the location and strength of the secondary 
source according to the optimization scheme obtained in last section, and open it; Finally, measure 
the A-weighted sound pressure level of 100Hz single-frequency at monitoring points once again. 
Experimental results are shown in Fig.6. Where CON is represent the contrasted group. 

Experimental results confirm that the more close to the geometric center of the noise, the more 
close to the ground, the larger the amount of noise reduction is obtained. And the noise reduction of 
the monitoring point show that compared with the empirical scheme, the optimization scheme has 
better noise control effect.   

Summary and conclusions 

Position and strength of the secondary source not only affect the stability of the whole control 
system, but also affect the control effect of the noise. Being aimed to the need of transformer noise 
control, the optimization schemes with different number of secondary source are obtained using the 
method proposed in this paper that combined the genetic algorithm with analytical method. And 
some laws of position selection are summarized in this paper. In order to verify the validity of the 
optimization scheme, our team performed some single-frequency experiments in which simulated 
the actual noise level of transformer substation, and a plane which is 10m away from the primary 
source is chosen as the noise plane to be cancelled. And our team also set up a contrast experiment 
with empirical scheme in which location and the corresponding strength of secondary source are 
different from the optimization scheme. Through measure the noise level of monitoring points, the 
effectiveness of the optimization scheme is verified by the considerable amount of noise reduction. 
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