
Fault Diagnosis of Reactor Based on Vibration Signal Information Entropy

Abstract
By collecting and studying the time-domain characteristics of the

vibration signal on the surface of shunt reactor, it is found that the

vibration signal in each period fluctuates violently when the reactor

has mechanical failure. The moving average sequence information

entropy of vibration signal is extracted as the feature vector, and a

One-Class Support Vector Machine (OCSVM) mechanical fault

diagnosis model is constructed to realize the health state evaluation of

shunt reactor with 99.2% accuracy. Furthermore, a fast fault detection

method is proposed. This method only uses four random sampling

points, which reduces the difficulty of field operation on the premise

of ensuring the average fault diagnosis rate of 98.5%. Therefore, the

information entropy feature of moving average sequence is an

important feature of fault diagnosis of reactor mechanical equipment,

which has strong practical engineering significance for reactor health

diagnosis.
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Conclusions
In this paper, the vibration signals of the reactor under normal and

mechanical fault conditions are collected and analysed. It is found

that when a mechanical failure occurs in the reactor, there will be

obvious fluctuations between the periods of the time-domain

vibration signal. Therefore, a feature extraction method of

information entropy of moving average sequence is proposed. And

a reactor mechanical fault detection model based on OCSVM is

constructed. The accuracy of mechanical loosening fault diagnosis

is 99.2%. The main reason is that the periodic fluctuation of

reactor vibration can be well extracted by using moving average

method and information entropy. The OCSVM reactor fault

detection model based on RBF kernel can well approach the

decision boundary of positive sample eigenvector space. In

addition, a fast reactor fault detection method using a small

number of sampling points is proposed. Through only the

vibration signals of four sampling points, the average accuracy of

reactor fault diagnosis can be 98.5%, which reduces the difficulty

of field operation. It has strong practical significance and can be

used as a useful supplement to the detection of reactor mechanical

health.

Acquisition and Analysis of Vibration Signal

A. Vibration signal acquisition
Taking the shunt reactor produced by a company as the research

object, the vibration signal characteristics of the reactor under

mechanical fault state and normal state are studied. The working

frequency is 50 Hz. The mechanical fault of reactor is shown in Fig. 1,

which is the loose fault of iron core screw. 24 acceleration sensors A1,

A2... D5 and D6 are evenly distributed on the four surfaces A, B, C

and D of the reactor, and 1000 groups of normal samples and 1000

groups of mechanical fault samples are collected at each position. The

sampling frequency of the vibration signal acquisition system is set as

64 kHz, the sensitivity of the acceleration sensor is 100 mV/g, and the

output voltage is ±5 V. The specific sampling parameters are shown

in Table Ⅰ.

Method

A. Moving Average Series
Given time sequences m_t,t=1,2,⋯nwhere n represents the samples

length 12800 as the vibration signal collected from reactor

equipment, the moving average series calculation formula [4] is

shown in formula (1):

xt=1/S(mt+m t-1+⋯mt-S+1) (1)

where S represents the data length 640 sampled in one cycle.

Fig. 1. Mechanical fault 

diagram of the reactor.

B. Vibration Characteristic Analysis
Under the two states of normal reactor and mechanical failure, the
vibration signal acquisition system collects the vibration signal of
each sampling point. As shown in Fig. 2, the comparison of A1
position vibration signals under two working states is shown. Fig. 2(a)
is a time domain diagram of A1 position vibration signal during
normal operation of the reactor; Fig. 2(b) is the time domain diagram
of A1 position vibration signal under the condition of loose reactor
bolts and mechanical failure. The dotted lines in the two figures
represent the maximum and minimum values of vibration signals
within 0.1s respectively.

Result

A. Reactor mechanical fault detection
6 acceleration vibration sensors are evenly arranged on the four

surfaces A, B, C and D of the reactor to collect the vibration

signals of the reactor in two states. The approximate entropy,

sample entropy and fuzzy entropy of the moving average

sequence of vibration signals are calculated respectively. 1000

groups of normal eigenvector samples are obtained and labelled

as positive samples, and 1000 groups of bolt loosening

mechanical fault eigenvector samples are labelled as negative

samples.

B. Sequence Information Entropy
Sequence information entropy is a parameter to measure the
complexity of time series. According to the concept of entropy,
when the sequence is stable, its entropy is very small; When the
volatility of the sequence is large, its entropy is also large [5]. The
common calculation methods of sequence information entropy
include approximate entropy, sample entropy, fuzzy entropy,
etc[6,7]. Taking approximate entropy as an example, approximate
entropy can be used to quantify the regularity and unpredictability
of time series fluctuations. It uses a non-negative number to
describe the complexity of time series and reflect the possibility
of new information in time series. Therefore, approximate
entropy can be used to describe the volatility of moving average
series. The calculation process of approximate entropy of moving
average sequence is as follows:
Given moving average series 𝑋𝑡= 𝑥1, 𝑥2, ⋯ 𝑥𝑛 , th, then

standardize the time series. And then new time series can be
represented as𝐴𝑡= 𝑎1, 𝑎2, ⋯ 𝑎𝑛.The standard sequence A_t can be

reconstructed and generate a new vector group. The
reconfiguration method is as follows:

𝑈𝑖 = [𝑎𝑖 , 𝑎𝑖+1, ⋯𝑎𝑖+𝑑−1] (2)
where d represents dimension of the reconstructed vector, the
range of i is [1,n – d + 1]. For the sequence with length N, N - d +
1 d-dimensional reconstruction vectors will be generated. For all
reconstructed vectors, we calculate the distance between
reconstructed vectors, and define the following vector distance
calculation method, as shown in (3):
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where U_i and U_j represent the reconstruction vector at time i
and j.Set the tolerance limit of vector similarity as γ. For vector
U_i count all U_j which make ‖U_i,U_j ‖<γ. The number of〖 U〗
_j is K, and the ratio between K and the total number of vectors is
calculated, that is, the similarity rate between vectors. As shown
in formulas (4) and (5):

K=count(‖U_i,U_j ‖<γ) (4)
C_γ^d=K/(N-d+1) (5)

The average similarity rate between reconstructed vectors is
calculated by using the similarity rate between the above vectors,
as shown in formula (6):

𝜑𝛾𝑑= 1
𝑁−𝑑+1

 

𝑖=1
𝑁−𝑑+1𝑙𝑛(𝐶𝛾𝑑) (6)

Then increase the dimension of the reconstructed vector to $d+1$,
and repeat the above calculation process to obtain〖 φ〗_γ^(d+1),
and the approximate entropy of the time series is calculated by
formula (7):

ApEn=φ_γ^d-φ_γ^(d+1) (7)

Fig. 2. Time domain diagram of the vibration signal.

The eigenvector sample data set is constructed. Retain 20%

positive samples and all negative samples as the test set, take the

remaining 80% positive samples as the training set, use some

positive samples in the training set to train the OCSVM model,

and test the fault accuracy of the model in the test set, so as to

obtain the broken line diagram of mechanical fault diagnosis

accuracy, as shown in Fig. 6.

Fig. 6. Mechanical fault diagnosis accuracy.

B. Rapid fault detection of reactor
Among the 24 sampling points, the vibration signal data of a

small number of sampling points are randomly selected.

According to the above vibration signal feature extraction method,

the corresponding OCSVM reactor mechanical fault diagnosis

model is constructed to test the feasibility of a small number of

sampling points. According to the above method, several sampling

points are randomly selected to evaluate the reactor state. As

shown in Table Ⅱ, the calculation results of sampling points,

average accuracy and standard deviation of fault diagnosis are

given.


