
1 INTRODUCTION 
According to the sound environmental quality stand-
ard of China GB3096-2008, for urban residential ar-
ea, the noise is not more than 55 dB during the day-
time and 45 dB at night. By a certain substation site 
field measurement, it was found the substation sta-
tion boundary noise is in 50   1 dB, which close to 
the daytime noise standard limit value and above the 
nighttime standard limit value. This phenomenon al-
so exists in the other similar location substations in 
this area. Due to the strong abilities of low frequen-
cy characteristics, penetrability and diffraction of 
power transformer noise1, the effect of traditional 
passive noise control methods, such as noise elimi-
nation, sound absorption and other ways, is not sig-
nificant and the investment is huge. P. Leug pro-
posed a concept of active noise control (ANC) in 
1936, which provides a new solution to the problem 
of noise control2. To reduce sound energy and 
achieve noise reduction, ANC realize destructive in-
terference in the sound field through sending a sec-
ondary sound wave which has the same amplitude 
and frequency, and 180°phase difference as the 
noise in sound field, as shown in Figure 1. In view 
of the low frequency noise characteristics of power 
transformer, ANC is with smaller size, easy to de-
sign and control, easier to achieve phase compensa-
tion in the low frequency, and that it can achieve 
high precision in theory, when compared with the 
passive noise control. 
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Figure.1 The principle of active noise control 
 
By analyzing the characteristics of the transform-

er noise, this paper proposed an active noise control 
method based on disturbance observer, of which, 
100Hz, 200Hz, and 300Hz frequency noises are se-
lected as the target frequencies to be eliminated. The 
amplitudes and phases of the three target frequencies 
are automatically tracked and adjusted by the dis-
turbance observer, respectively. And the controller 
outputs reverse waveform to eliminate noise. The 
simulation results show that the proposed method 
can effectively eliminate the noise. And through this 
study the foundation for the simulation experiment 
and engineering application of the active noise re-
duction system of power transformer is established. 

2 POWER TRANSFORMER NOISE ANALYSIS 
When active noise reduction method is used in dif-
ferent application environments of noise reduction, 
different control strategies have been adopted based 
on the differences of noise sources. Transformer 
noise is most itself main body noise, and it also in-
cludes auxiliary cooling device noise4. The main 
body noise is mainly caused by the vibration of iron 
core and tank, which induced by magnetostrictive 
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effect. When the transformer core is as exciter, the 
size of silicon steel sheet shrinks at the direction 
perpendicular to the magnetic field lines, while the 
size increases at the direction along the magnetic 
field lines. Therefore, the core generates a periodic 
vibration according to the change of excitation fre-
quency, the vibration frequency is twice as high as 
the power current frequency, then the vibration 
transfers through insulating oil and core pad passed 
and leads to tank vibration. So the transformer radi-
ate noise to the outside world. And power system 
requires the power transformer to run stably for a 
long time. Hence, the transformer noise is not com-
pletely random uncertain noise, most noise energy is 
concentrated in the even times of power frequency, 
and its frequency spectrum is concentrated from 
100Hz to 600Hz. The change rate of baseband noise 
and 1 to 6 times harmonic noise is generally less 
than 0.4%. And more than 80% of the noise energy 
is concentrated in the frequency from 100 to 600Hz 
5. This study has collected a number of power trans-
former noise signals in multiple 110kV substations 
as the research object. One measurement data is se-
lected to analysis in time domain and frequency 
spectrum. The time domain and the frequency spec-
trum of a measurement point is shown in Figure 2. 
At the same time, a transformer in the residential ar-
ea is located at ten meters ahead of a measurement 
point, the sound pressure level of transformer noise 
is measured once every 10 minutes, the measure-
ment results are shown in Figure 3. 
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Fig.2 The time domain and frequency spectrum of one point in 
the substations 
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Fig.3 The sound pressure variation of the transformer noise 
 

It can be seen from the measurement data and the 
results of spectrum analysis that the noise of trans-
former has a remarkable characteristic: 1) trans-

former noise is stationary stochastic characteristic, 
and the variation is relatively smooth; 2) it has a dis-
crete line spectrum characteristics; the energy distri-
bution of discrete frequency points at 100Hz, 200Hz, 
300Hz is larger, and the energy distribution of dis-
crete frequency point at 100Hz is the largest, and 
those at 200Hz, 300Hz, 400Hz are decreased sys-
tematically. As shown in Figure 3, it can be seen 
that, in the continuous 320 minutes, the change rate 
of transformer sound pressure level (SPL) is rela-
tively stable, small variation, and the noise SPL be-
tween the maximum and minimum value is no more 
than 3dB. In conclusion, it is known that the energy 
concentrated frequency component of transformer 
noise is fixed, the change rate of sound pressure is 
small, and acoustic environment is stable. In consid-
eration of these specific noise features, an ideal 
noise reduction performance can be efficiently 
achieved by choosing appropriate control strategy to 
reduce the energy at frequency point of 100Hz, 
200Hz, 300Hz. 

3 DESCRIPTION OF THE ANC SYSTEM 

3.1 Theory of Perturbation and Observation 
Method 

Perturbation and observation method is one of the 
most commonly used methods for maximum power 
point tracking in PV systems. Photovoltaic battery is 
expected to work at the maximum power output 
point PMAX all the time, but with the change of sun-
shine and temperature in the environment, PMAX 
changes dynamically. So the terminal voltage needs 
output voltage disturbance control repeatedly to 
guide the current reference voltage Un of the photo-
voltaic battery to change in a certain way according 
to the given voltage step change, and determine the 
power change at this time. If the 0P  , change the 
voltage reversely; if the 0P  , continue to change 
the voltage. By constantly monitoring the change of 
current output power of photovoltaic cells to deter-
mine the change direction of output voltage at next 
time, solar cells is made to work at the vicinity of 
the maximum power point, in order to realize the 
tracking of the maximum power output point PMAX. 
The principle is shown in Figure 4. 
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Figure.4 Basic principles of the perturbation and observa-
ntion method 
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3.2 ANC System Based on Improved Perturbation 
and Observation Method 

According to the analysis of second section, trans-
former noise signal is stable between two consecu-
tive hours, the main energy is concentrated on 
100Hz, 200Hz and 300Hz. In view of the low fre-
quency noise characteristics of power transformer, 
the noise signal of 100Hz, 200Hz, 300 Hz which are 
extracted based on improved perturbation and ob-
servation method are given amplitude and phase per-
turbation. Adjust the size and direction of the per-
turbation according to the error margin of the before 
and after perturbation. Using the perturbation meth-
od can not only avoid the complex operation pro-
cess, but also can quickly find the matching control 
signal, which has a good tracking performance.  

The control flow of the ANC system based on 
the disturbance observation method is shown in Fig-
ure 5. The specific process is as follows: 

1) The sensor signal of 100Hz，200Hz，300Hz 
are extracted, and the amplitude and phase of each 
component are taken as the initial value of the con-
trol signal; 

2) Using the disturbance observation module, 
firstly give amplitude and phase perturbation to the 
100Hz component, and then give perturbation and 
observation adjustment to the 200Hz，300Hz com-
ponent respectively; 
3) Synthesizing the three frequency components. 
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Figure.5 Control flow chart of ANC system 
 

Amplitude and phase adjustment principle is 
shown in Figure 6. Amplitude and phase perturba-
tions are carried out to the three frequency signal. 
Perturbations adjustment is determined by the error 
value so as to decrease it. 
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Figure.6 Basic principles of the perturbation and observa-
ntion method 

The specific processes of the amplitude and phase 
adjustment module of which is shown in Figure 7.  
∆k is perturbation of amplitude or phase; λk is  
step size of the perturbation; k is number of pertur-
bation; ∆(n) is reference of amplitude or phase; ek is 
error value; ε is limit of the error value; Nadj.max is 
limit of the number of perturbation.  
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Figure.7 Flow chart of disturbance observation module 

4 SIMULATION RESULTS AND DISCUSSION 
In order to minimize the external interference, noise 
signal of the main transformer collected during the 
night in one 110 kV substation are used as the pri-
mary noise signal in the simulation. In the experi-
ment, the sampling frequency is 2.5  104Hz, the ini-
tial values of the ANC system based on the perturb 
& observe algorithms are as follows: the initial 
phase and amplitude is 10 and 0.1, the step of phase 
and amplitude are10 and 0.2, respectively, the max-
imum adjustment number is limited as 50 and the 
minimum error is limited as 1  10-4. The noise 
component of 100Hz, 200Hz, 300Hz which focus on 
the noise energy are the control target. Figure 7 rep-
resents the time domain of the primary noise and re-
sidual noise before noise reduction. The spectrum of 
the primary noise and residual noise are obtained by 
analyzing frequency characteristic of the noise using 
A weighting, which are shown in Figure 8 and Fig-
ure 9, respectively. 
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Figure.8 Time domain of the primary noise and residual noise 
before noise reduction 
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Figure.9 The spectrum of the primary noise 
 

As mentioned in above works about noise charac-
teristic of the transformer, we can know that 100Hz 
is fundamental frequency and even multiple of 50Hz 
is the harmonic frequency with discrete characteris-
tic in line spectrum, and the frequency points of 
100Hz, 200Hz, 300Hz, 400Hz have much more en-
ergy distribution. As seen from Figure 8, the energy 
distribution at 100Hz is the largest, then followed by 
200Hz, 300Hz, 400Hz. As shown in Figure 9, the 
noise energy at 100Hz, 200Hz, 300Hz has been 
greatly suppressed, which is close to zero. Figure 7 
depicts that effectively suppressing the noise of 
100Hz, 200Hz, 300Hz can offset the main energy of 
the primary noise and greatly reduce the residual 
noise. Thus, for controlling noise at 100Hz, 200Hz, 
300Hz, the active noise reduction system based on 
the perturb & observe algorithms can quickly and ef-
fectively eliminate the main noise of the transform-
er. In addition, the system can be easily implement-
ed with simple structure, and performances well at 
tracking the target frequency, responses fast and re-
duces the noise effectively with practical application 
value. 

5 CONCLUSION 
In this work, noise characteristics of the transformer 
are analyzed for active noise controlling the applica-
tion environment. It is found that random character-
istic of the noise signal is stable, the sound energy is 
concentrated at 100Hz, 200Hz, 300Hz and the rate 
of sound pressure level has a small change. Accord-
ing to the noise characteristics of the transformer, by 

studying the thought of using the perturb & observe 
algorithms as the adjustment strategy of active noise 
control system, adaptive active noise control method 
relying on the perturb & observe algorithms is pro-
posed and actual noise signals are collected to simu-
late. The simulation results show that the control 
system has a quick response and has a good behavior 
at tracking the target frequency, and can effectively 
eliminate the noise energy of the target frequency to 
achieve excellent noise reduction effect. Meanwhile, 
the system has advantages of simple implementa-
tion, controllable costs and precious value in further 
development of engineering application systems. 
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