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Abstract
At present, hydroelectric power station transformers were generally installed on the land
near hydroelectric dams. They had the disadvantages of long cabling, poor economy, and
high construction cost. It has become a trend to gradually install the transformer directly on
the draft tube platform near the hydro-generator engine to reduce costs. Due to the
existence of low-amplitude random vibration at the draft tube platform, the effect on the
safe operation of the transformer when the transformer stays in this condition for a long
time is unknown. In view of the above problems, by obtaining the vibration data of the
transformer installed on the draft tube platform under different working conditions and
spectrum analysis based on the Fast Fourier Transform Algorithm, it is verified that the
vibration of the draft tube platform of the hydroelectric power station has no effect on the
transformer performance, which can take this solution to reduce costs.
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1. Introduction
Hydropower generation accounts for a large proportion of electric energy production. Therefore, the
safe operation of hydropower equipment is of great significance for ensuring power supply and
promoting economic development. As one of the important equipments for power transmission and
transformation systems, the operational safety of transformers is of paramount importance [1, 2]. The
installation of the transformer directly on the tailwater platform near the turbine engine will greatly
reduce construction costs. However, due to the low amplitude random vibration of the tailwater
platform [3], the transformer is in such a low-amplitude vibration environment for a long time, which
may adversely affect its safe operation. No research has been done yet. In the normal operation of the
hydropower station in the later stage, there is the impact of the water impinging dam on the foundation
and the vibration of the normal operation of the generator set. It is necessary to fully consider the
influence of the foundation vibration of the dam on the operation of the transformer, and avoid the
natural vibration frequency of the transformer and the vibration frequency of the dam. Consistent
resonances to avoid more serious system accidents. Therefore, it is of great practical significance to
study the vibration characteristics of the hydroelectric power station dam tailwater transformer, for the
safe operation of the transformer and the entire power station equipment, and to reduce the adverse
effects caused by the continuous vibration of the tail water platform. In this paper, the transformer used
in hydropower station is taken as the research object. The vibration analysis based on the fast Fourier
transform is used to study the vibration characteristics of the transformer. The fast Fourier transform is
a fast algorithm for discrete Fourier transform. improve. Technical support is provided for the optimal
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design of such transformers by obtaining the vibration characteristics of the transformers installed on
the tailwater platform.

2. Spectrum Analysis Based on Fast Fourier Transform (FFT) Algorithm
For a sequence x(i) satisfying n=2M and having a length n, 2 is called a base, and M is a positive
integer. The core of the FFT time extraction algorithm is to decompose the sequence x(i) by the
sequence number to obtain two point subsequences, and then calculate and implement the DFT of the
two subsequences. The key to the algorithm is the parity decomposition of the time domain subscript
for the sequence x(i). This algorithm by its odd and even groups of i 2 Choose new sequence in the
time domain is referred to as decimation-2 FFT algorithm is the time [4].
Decompose x(i) by odd and even numbers of time sequence i
(1)
(2)
Where: r =0,1,...,n/2-1
Then perform a discrete Fourier transform on the original sequence x(i)
=
=
=
=

(3)
Where
is the Fourier transform of the sequence x(i) with a length n;
=DFT[
],
=DFT[
]are n/2 point Fourier transforms of
and
, respectively.
Since
and
are of length n/2, they are cyclically extended, and considering the symmetry of
, j is obtained at n/2, n/2 + 1, ..., the value of
in the range of n-1. Let j' = j +n/2 be obtained by
equation (3)
(4)
From equations (3) and (4), the recursive formula of the FFT time extraction algorithm can be obtained
as
(5)
In the formula: j =0, 1, ..., n/2 and
is a basic butterfly operation.
The principle of the FFT algorithm is to implement large-scale transformations through many small
and easier transformations, thereby reducing the computational requirements and increasing the
computational speed [7].

3. Design of Transformer Vibration Test Scheme for Tail Water Platform
3.1 Vibration Measuring Point Arrangement
Eight measuring points are installed on each large transformer, 7 of which are mounted on the
transformer and one is mounted on the foundation of the transformer. The vibration of the key parts is
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measured separately. The location of each measuring point and the selection principle are listed in
Table 1. Figure 1 shows the position of the transformer vibration measuring point.
Tab. 1 Measurement position and selection of vibration of the transformer
Number

Measuring point
position

1

High voltage
bushing

2

Oil storage cabinet
cabinet

3

Transformer box

4

Transformer
foundation

Installed on the side of the transformer foundation to measure the ground vibration
near the transformer.

5

Cooling fan 1

Installed on top of the No. 1 cooling fan to monitor fan vibration.

6

Cooling fan 2

Installed on top of the No. 2 cooling fan to monitor fan vibration.

7

Cooling fan 3

Installed on top of the No. 3 cooling fan to monitor fan vibration.

8

Cooling fan 4

Installed on top of the No. 4 cooling fan to monitor fan vibration.

Point selection principle
The high voltage bushing is located at the top of the transformer and is greatly
affected by the vibration of the tailwater platform. The measuring point is installed
on the side wall of the high-voltage B-phase rising seat to monitor the vibration of
the transformer high-voltage casing.
The oil conservator is also located at the top of the transformer and is greatly
affected by the vibration of the tailwater platform. The measuring point is installed
on the footboard of the oil storage cabinet to monitor the vibration of the
transformer oil storage cabinet cabinet foot.
Installed in the lower part of the high-pressure B-phase fuel tank wall to measure
the vibration of the transformer box, used to monitor the looseness of the internal
components of the transformer.

Fig. 1 Measurement position of vibration of the transformer
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3.2 Tailwater Platform Vibration Analysis
The trend diagram of the tailwater platform vibration is shown in Figure 2. The top side of the figure
shows the load change trend of No. 2 turbine and No. 3 turbine during the vibration test period. The
following figure shows the change trend of vibration acceleration measured by two vibration sensors.
The peak value of vibration acceleration calculated per second is shown in the figure. Unit m/s2. It can
be seen from the figure that when the No. 2 unit is operated alone, the load is maintained in the 90MW
high load area, and the vibration level of the crane platform is maintained at around 0.75m/s2, which is
relatively stable (a marked position in the figure); At the beginning of the load reduction, while the No.
3 unit began to increase the load, the vibration level began to fluctuate, and the b mark area resonated
and the vibration increased to 1.1 m/s2. The c-marked area is the vibration state when the draft tube is
closed, and the peak value of the vibration peak reaches 1.9 m/s2 at the maximum. When Unit 2 began
to increase load and Unit 3 began to reduce load, the vibration also fluctuated, but the range of
variation was similar to the previous one, and the peak value of vibration was kept below 1.0m/s2.

Fig. 2 Trend of vibration of the crane

Fig. 3 Vibration wave of each measurement point of 1st transformer
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4. Analysis of Transformer Vibration Characteristics
Vibration waveform: Figure 3 shows the vibration waveform of each measuring point of the No. 1
transformer, showing the length of time is 0.16 seconds. It can be seen that except for the ground
vibration (the third row of the left column) exhibits a strong high-frequency component, the other
measurement points are mainly low-frequency periodic vibration signals.
Spectrum characteristics: Figure 4 shows the vibration spectrum of each measuring point of the No. 1
transformer. The spectrum calculation uses a 1-second signal length (8192 points of data). The left
column in the figure is the spectrum of measuring points 1-4, and the right column is the measuring
point 5. The spectrum of -8 shows an analysis frequency range of 1600 Hz and a frequency resolution
of 1 Hz. It can be seen that the vibration spectrum of each measuring point exhibits low-frequency line
spectrum characteristics, and the electromagnetic vibration frequency (1X=100Hz) is mainly used as
the low-frequency harmonic component of the vibration fundamental frequency. In addition, there is a
prominent 1.5X (150Hz) component in the vibration spectrum of the high pressure bushing and the oil
conservator. The most prominent component of the ground vibration (third row, left row) spectrum is
the formant component around 600 Hz, which does not appear at other points (except fan 2). The
vibration spectrum characteristics of each measuring point indicate that the vibration of each measuring
point on the transformer is mainly derived from its own electromagnetic vibration excitation, and is
hardly affected by the ground vibration. There is a difference in the vibrational spectral characteristics
of each measurement point.

Fig. 4 Spectrum of each vibration position of 1st transformer
Spectral waterfall map features: The spectral waterfall map can be used to more clearly show the
spectral characteristics of the transformer vibration signal. Figure 5 shows the vibration spectrum
waterfall diagram of each measuring point of the No. 1 transformer in turn, and the vibration signal of
the monitoring record recorded in the operation process for about 7 hours is calculated. The spectrum
calculation uses the signal length of 1 second (8192 points of data), and the displayed analysis
frequency range is displayed. It is 1600 Hz and the frequency resolution is 1 Hz. It can be seen that the
main components in the vibration spectrum of each measurement point do not substantially change
with time. As in the previous spectrum analysis, the main component in the vibration of each
measuring point is the low-frequency harmonic component of the electromagnetic fundamental
frequency (1X=100Hz). There is also a prominent 1.5X (150Hz) component in the vibration spectrum
of the high voltage bushing and the oil conservator. The main component in the ground vibration
spectrum is a formant component of about 600 Hz, which has no effect on other measuring points
(except for the fan 2). It indicates that the vibration of each measuring point on the transformer is not
affected by the ground vibration, and the main vibration originates from its own electromagnetic
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excitation. The vibration of the fan 2 contains the same composition as the ground vibration of 600 Hz,
indicating that only the fan is affected by the ground vibration.

(1)High voltage bushing

(2) Oil storage tank

(3) foundation

(4)Box

(5) Fan 1

(6) Fan 2

(7) Fan 3

(8) Fan 4

Fig.5 Spectrum waterfall
References are cited in the text just by square brackets [1]. (If square brackets are not available, slashes
may be used instead, e.g. /2/.) Two or more references at a time may be put in one set of brackets [3,
4]. The references are to be numbered in the order in which they are cited in the text and are to be listed
at the end of the contribution under a heading References, see Table 1.
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5. Conclusion
a) The transformer does not amplify the vibration of the foundation. The vibration amplitude of the
four fan measuring points is larger than the measuring point of the transformer body, because the
supporting rigidity of the fan structure is low.
b) The vibration of the foundation of the transformer reflects the vibration characteristics of the
tailwater platform. The vibration of each measuring point on the transformer is mainly derived from the
electromagnetic vibration excitation of the transformer, and is hardly affected by the vibration of the
foundation. The installation of the transformer on the tailwater platform of the hydropower station is
feasible.
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