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With the continuous development of information technology, data resources have become
increasingly rich, but the knowledge contained in data resources has not been fully
explored and utilized. In order to find an effective computer testing technology, the paper
introduces the partial differential equation (PDE) into the denoising process of rotor vibra-
tion signal through data mining technology, and generalizes the unified model of PDE fil-
tering. Several filtering methods are compared through simulation experiments. The effect
is that the flexible rotor is balanced by different dynamic balancing methods, and satisfac-
tory results are obtained. From the simulation results, it can be concluded that the integra-
tion method is not suitable to extract the unbalanced signal with strong noise background,
but it provides a way to calculate the amplitude and phase of sinusoidal signal without
noise; The processing is simple and suitable for the calculation of the dynamic balance test
systemwith fewer sampling points; both the DFT method and the FFT method use the prin-
ciple of Fourier transform spectrum analysis, but the FFT method calculates the speed
much faster than the DFT method. Experiments on the classification of fault data prove that
the improved Apriori algorithm is greatly improved compared with the original Apriori
algorithm, and the speed of acquiring fault rules is improved.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Data mining is the process of revealing hidden, previously unknown, potentially useful information from a large amount
of data in a data warehouse. Data mining is becoming a new and increasingly popular research area. Using a database to store
data, a machine learning method to analyze data, and mining the knowledge behind a large amount of data, the combination
of the two has led to the emergence of data mining. Data mining is an indispensable part of knowledge discovery in data-
bases. In fact, data mining is a cross-disciplinary subject involving databases, statistics, artificial intelligence and machine
learning [1,2].

In recent years, with the introduction of data mining technology, new ideas have been provided for extracting useful
information from these massive data. In [3], the author used data mining techniques combined with logistic regression, deci-
sion tree graphs, neural network models, and partial least squares models to determine the impact of word exposure fre-
quency on online news based on the usability heuristic concept. In [4], the authors analyzed the acupoint selection rules
of diabetic peripheral neuropathy (DPN) based on data mining technology. The results showed that the acupuncture DPN
ystems
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was mainly based on the enhancement method, which promoted the circulation of blood and blood; the acupoint selection
was mainly based on Yangming meridian and back-shu points. Data mining technology is a very common computer tech-
nology that has been widely used in many fields due to its superior performance. In [5], the author studied the data man-
agement technology based data management method for wireless sensor network. The author also proposed a cluster-based
replication record deletion algorithm, and finally verified the accuracy of the data cleaning method. The results showed that
the research method in this paper is correct and effective. In [6], in order to find out the main factors affecting the wearing
comfort, and how they affect the wearing comfort of the clothing. The wearing comfort of the trousers was mainly affected
by four factors: waist and hip factors, knee tibia factors, c factors and thigh calf factors. Their contributions accounted for
39.17%, 16.4%, 13.96% and 6.95%, respectively. In [7], the authors described the performance of the diesel engine using
the relationship between the diesel engine load data and the fuel consumption rate at different speeds. Data mining is
the process of extracting important and useful information from large amounts of data [8,9]. In [10], the author applied data
mining to medicine. In the analysis of a single cancer, it was found that patients treated with angiotensin receptor blockers
(ARB) had a significantly reduced risk of breast cancer, while the pancreas cancer and prostate cancer are at increased risk. In
[11], the author studied the formal framework of a data mining query language for mobility data and its related implemen-
tations, illustrating its analytical capabilities in revealing the complexity of urban mobility in large urban areas. In [12], the
authors proposed a data mining-based intelligent differential protection scheme for microgrids. The proposed intelligent dif-
ferential relay scheme can provide effective protection measures for the safe operation of the microgrid with high reliability.
In [13], the authors used data mining techniques to examine different formats of review data to predict student performance.
The research results show that the method proposed by the author improves the predictive performance of final student per-
formance. In [14], the authors proposed an enhanced cascading fault model combining data mining techniques. The article
proves the effectiveness and effectiveness of the proposed enhanced cascading fault model. In [15], the author used a real-
time digital simulator to develop a WAMS network physical test bench, and introduced the test bench application, simulated
network capability scenarios, data set development process, and selected results.

Over the years, people have been working on the versatility and scalability of computer test systems to improve the uti-
lization and execution efficiency of mechanical engineering automated test equipment. In [16], the author applied computer
testing techniques to image recognition. In order to find an isolation scheme that can automatically find the cause of the
diagnosis of damage and economically related insects, the author developed a fruit fly image recognition system called
AFIS1.0. The system used Gabor surface features in automatic recognition, and the overall classification success rate obtained
by independent multi-part image automatic recognition test reaches 87% of the species level. In [17], the author applied
computer test technology to error measurement, and proposed a method to test the influence of computer generated holo-
gram (CGH) manufacturing error in cylindrical interferometry system. In [18], the authors proposed a computer-aided test
method based on inverse Hartmann test for high-precision testing of reflective surfaces. The author also proposed an iter-
ative ray tracing calibration method based on computer-assisted reverse optimization, which was used for high-precision
testing of reflective surfaces. In [19], the authors proposed a simulation test system for a non-contact D-point transformer
for voltage measurement. The analog test system consists of a D-point transformer, a signal processing circuit and a
grounded PC port. Finally, a test platform was built to simulate the performance of the entire single-phase transformer test
system [20]. In [21], the authors designed a computer-based breath sound analysis system to identify normal lung sounds in
children and validated the effectiveness of a computer-based breath sound analysis system. This computer-based breath
sound analysis system performed 58 lung sound recognitions, correctly identified 52 times, and misidentified 6 times.
The accuracy is 89.7%. In [22], the authors developed a computer adaptive test (CAT) input technique to measure the entire
potential anxiety continuity. The CAT simulation showed efficient and highly accurate measurement results. In [23], the
authors evaluated the parameters of the severity of traffic accidents, including speed change (delta-v) and energy equivalent
speed (EES). In [24], the author proposed an effective test generation procedure using a method called ‘‘diagnosis using par-
allel models”. In [25], the author further analyzed high-quality and appropriate-quality research in terms of content and
specific teaching practices. The article discusses computer aided instruction (CAI) suggestions for future research and its
implications for practice. In [26], the author systematically developed the visual literacy assessment test (VLAT), and con-
ducted a necessity assessment on the test items in VLAT (average content effective ratio = 0.66).

Through the analysis of literature review at home and abroad, it can be seen that although many research teams at home
and abroad have carried out more research and Analysis on computer technology for mechanical engineering, most of them
are limited to the internal principles of mechanical engineering, but not to the technical level [27]. As a result, there is not
enough powerful computer technology to carry out in-depth analysis of mechanical engineering. As an advanced computer
technology, data mining technology is gradually concerned by people because of its unique algorithm settings and high
recognition accuracy [28], but there is still no team that can effectively combine the principles of mechanical engineering
and data mining technology. The purpose of this paper is to combine data mining technology and mechanical engineering
principle effectively, which can improve the accuracy of algorithm recognition, optimize algorithm model and reduce exper-
imental error.

The first part of the article is an introduction, introducing the overall structure of the article and the content of each part,
and a review of the relevant literature on data mining technology and computer testing systems; the second part is the algo-
rithm model established by the article; the third part is the experiment mainly data sources and experimental settings; the
fourth part is the processing and analysis of experimental results; the fifth part is the conclusion.
Please cite this article as: Z. Li and X. Yu, Data mining technology for mechanical engineering computer test system, Mechanical Systems
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2. Method

2.1. Theoretical basis of data mining technology

2.1.1. Components
The process of data mining systemwork is first composed of database, data warehouse or other database. The preprocess-

ing of these targets, ie data cleaning and data integration, is also called data filtering. When it comes to data mining engine, it
is a mining module with five functions of evolutionary calculation, deviation analysis, correlation analysis, classification
induction and qualitative induction. It is indispensable in data mining system. Finally, the model evaluation module, in this
step, can combine the two methods of algorithm and knowledge evaluation, which can achieve good results when mining
more helpful pattern knowledge. You can then communicate with the user on a visual user interface. Users get a lot of
appeals through this platform, such as obtaining the required information; consulting the definition pattern; analyzing
and evaluating the data content.

2.1.2. System function
The process of concept description is to select the target and compare the two data sets, and distinguish them by the com-

parison description factor. This requires a precise description of the data set and an overview of its significance. Credibility,
level of interest, and level of support are three metrics for association rule analysis. Apriori and FP-growth are two algo-
rithms that are often used by association rules. They have their own advantages. The Apriori algorithm has good scalability,
and the FP-growth algorithm uses a tree structure. The characteristics of the Apriori algorithm determine its application in
the field of parallel computing, and the advantage of the FP-growth algorithm is that the efficiency of directly obtaining fre-
quent sets is naturally higher than that of the Apriori algorithm. The purpose of the classification is to predict the results
more accurately. It is to classify the data in the database and then infer the attributes that will appear based on these
attributes.

2.1.3. Excavation process
Data cleaning: Repairing problematic data, such as eliminating abnormalities and filling in defect data, making data con-

sistent is the job of data cleaning. Otherwise these problems will cause data mining to think in the wrong direction. Data
integration: Identifying data sets with the same conceptual attributes from large data sources and unifying them into one
data set is data integration. This eliminates redundancy and inconsistency, which helps to improve data mining speed
and save time. And data integration is repeated. Data conversion: Data conversion is to constrain data with appropriate inter-
val values. For different attributes, the attribute value range is different. For example, the size of the bacteria and the distance
between the planets are not an order of magnitude. Generally, the three normalization methods of maximum and minimum
gauge, ten base, and zero mean are used more. Data reduction: Under the premise of not affecting the accuracy of mining
results, reducing the behavior of data mining tasks for the purpose of improving efficiency is data reduction. Dimensions,
aggregations, and modules are all objects that can be cut. Fig. 1 is an intrusion detection process based on data mining
technology.

2.2. Mechanical signal processing algorithm model based on dynamic balance test system

The signal useful in the unbalanced vibration signal from the sensor is the fundamental frequency signal [29]. In order to
facilitate the theoretical analysis of the following extraction algorithm, the fundamental frequency signal is represented as a
sinusoidal signal. The expression looks like this:
Please
and Si
xðtÞ ¼ Asinðxt þuÞ ð1Þ
Fig. 1. Intrusion detection process based on data mining technology.
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wherein A of the above formula represents the amplitude of the vibration signal; x represents the angular frequency; u
represents the phase angle, and the purpose of the extraction algorithm is to accurately calculate the values of the amplitude
A and the phase angle u.

2.2.1. Integration method
The principle of the integral method is to integrate in two different intervals. For the two equations of 0–T/2 and T/4–3T/4

(T = 2p/x), the following two can be obtained:
Please
and Si
a0 ¼
Z T

2

0
Asinðxt þuÞdt ¼ ATcosu

p
; a90 ¼

Z 3T
4

T
4

Asinðxt þuÞdt ¼ �ATsinu
p

ð2Þ
The above equation contains the amplitude and phase information of the unbalanced vibration signal, which can be
obtained by solving two equations.

2.2.2. Relevant law
In order to obtain the amplitude A and the phase u of the vibration signal, the x(t) of the Eq. (1) is cross-correlated with

the standard sine signal and the cosine signal, respectively. Suppose the expressions of a standard sine wave and cosine wave
in the range [0, T] are:
yðtÞ ¼ sinxt; t 2 ½0; T�; zðtÞ ¼ cosxt; t 2 ½0; T� ð3Þ

The above correlation analysis principle is explained by continuous signals, but in practice the computer can only process

digital signals. Let the continuous signals x(t), y(t), and z(t) be sampled and become discrete data sequences:
xðiÞ ¼ AsinðxiþuÞ; yðiÞ ¼ sinxi; zðiÞ ¼ cosxi ð4Þ
2.2.3. Discrete Fourier transform (DFT)
By sampling the continuous signal x(t) in Eq. (1) with a sampling frequency fs and obtaining D ¼ 1=f s, the discrete signal x

(nD) is obtained, and x(nD) is equally spaced in one cycle to obtain an N-point time domain sequence. The discrete Fourier
transform (DFT) definition of the N-point sequence can be expressed as:
XðkÞ ¼
XN�1

n¼0

xðnÞWnk
N ¼

XN�1

n¼0

xðnÞe�j2kpnN ð5Þ
Let x(t) in Eq. (1) be a periodic continuous time function with period T, then the periodic signal can be expanded by Four-
ier series:
xðtÞ ¼
X1
k¼�1

X 2pkf 0ð Þej2pkf 0t ðk ¼ 0;1; � � � ;N � 1Þ ð6Þ
Let t = nTs (Ts is the sampling interval), then:
X 2pkf 0ð Þ ¼ Ts

T

XN�1

n¼0

x nTsð Þe�j2pnk0 ¼ 1
N

XN�1

n¼0

x nTsð Þe�j2pnkTs ð7Þ
Comparing the above formula, it can be seen that the spectral magnitude of the complex exponential form obtained by
the Fourier series of the periodic signal is the corresponding spectral amplitude of the DFT transform multiplied by 1/N. The
spectral amplitude of the trigonometric form of the periodic signal Fourier series is twice the amplitude of the spectral har-
monic of the complex exponential form. Therefore, the spectral magnitude of the trigonometric form is the amplitude of the
spectrum obtained by the DFT multiplied by 2/N.

2.2.4. Fast operation of discrete Fourier transform (FFT)
In fact, the N point X(k) is obtained by the above formula operation, and the N2 complex multiplication is required. The N

(N � 1) complex addition operation includes a large number of repetition operations. Let N = 2 M, the FFT algorithm can
decompose the DFT calculation of the N point into M-level iterative calculations, each consisting of N/2 butterfly elements,
including a complex multiplication operation and two complexes in each dish calculation. When using the FFT algorithm, the
total computational amount of the completed N-point DFT is N/2log2N complex multiplication and Nlog2N complex addition.
The amount of calculation of the FFT is greatly reduced compared to the direct calculation of the DFT, especially when the
number of transformation points N is large.

2.3. Test signal noise reduction and fundamental frequency extraction

2.3.1. Partial differential equation (PDE) denoising
The most common function in PDE is the heat transfer function, which has the following form:
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Please
and Si
@u
@t � a2 @2u

@x2 ¼ f ðx; tÞ x 2 R; t > 0
uðx;0Þ ¼ uðxÞ x 2 R

(
ð8Þ
where a is a normal number. Replace t with s (evolution time), replace x with t (time variable of one-dimensional signal),
and let f(x,t) = 0, the above equation can be expressed as:
@u
@s � a2 @2u

@t2
¼ f ðx; tÞ t 2 R; s > 0

uðt;0Þ ¼ uðtÞ t 2 R

(
; Kðf ; tÞ ¼ e�a2 f 2t ð9Þ
In the above formula, u(t) represents the original signal, and u(t, s) represents the filtered output signal. It can be seen
that the Gaussian filter is determined by two variables a and s. The amplitude-frequency characteristic of the filter becomes
flat as a is small. When a = 0, the filter at this time is an all pass band filter. On the other hand, as the evolution time s
increases, the filter decays faster. When a is set to a constant, the filter is completely determined by the evolution time s.
Let fn be the cutoff frequency of the PDE filter, then the attenuation of the filter energy can be expressed as:

20 � log 1

e�a2 f2ns

� �
¼ Y ; s ¼ 0:115Y

a2 f 2n
, Y is the attenuation index of the filter. Given a cutoff frequency fn, the evolution time s of

the filter can be calculated. It shows that as the cutoff frequency increases, the evolution time gradually decreases, and vice
versa. When the cutoff frequency is infinite, the input signal is equivalent to passing an all-pass filter, and the evolution time
is reduced to zero.

2.3.2. Extraction of fundamental frequency amplitude and phase
The actual vibration signal collected is:
xðnÞ ¼ Asinð2pfnþ bÞ þ
Xm
i¼1

aisin 2pkinþ hið Þ þ sðnÞ ð10Þ
where A is the amplitude of the fundamental frequency vibration signal, f is the frequency of the fundamental frequency
signal, b is the phase of the fundamental frequency signal, ai is the amplitude of the other frequency vibration signal, ki is the
frequency of the corresponding signal, and hi is the phase of the corresponding signal, s(n) is a noise signal. According to the
nature of the correlation function, the cross-correlation function of z(n) and v(n) with other non-co-frequency components
has a value of 0, and the correlation value with the noise component also decays to 0 with the increase of n, then:
A ¼ 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
RxzðrÞ þ RxvðrÞ

p
;b ¼ tan�1 RxzðrÞ

RxvðrÞ ; b 2 ½0;2p� ð11Þ
The equal-precision measurement sequence xiði ¼ 1;2; . . . ;nÞ has a sample mean of x
�
, a deviation of v i ¼ xi � x

�
, and a

standard deviation of r. When the deviation is greater than three standard deviations, the value at this time is considered

to be a bad value and should be discarded. This principle is the 3r criterion, namely: vbj j ¼ xb � x
���� ��� > 3r. Where xb is the

measured value that should be discarded, ie the bad value. The xbð1 6 b 6 nÞ measurement sequence discards the bad value
to form a new measurement sequence xkðk ¼ 1;2; . . . ;mÞ;m 6 n. The bad value is removed by using 3r again for
xkðk ¼ 1;2; . . . ;mÞ until no more bad values appear, and the deviation of the measured values at this time is within the range
of 3r.

2.4. Data classification algorithm model based on data mining technology

2.4.1. Improved decision tree - ID3 algorithm
Let S be a collection of s data samples. Suppose one of the classification attributes has k different values, and the different

values in the classification attribute are divided into k different classifications Ci (i = 1, 2, . . ., k). Let si be the number of sam-
ples in the category Ci. You can find the expected information for any given sample:

I S1; S2; . . . ; Skð Þ ¼ Pk
i¼1

�Pilog2 Pið Þ (Pi ¼ Cij jjSj is the probability that the sample belongs to the i-th class)

Let the attribute A have m different values x1; x2; . . . ; xmf g. The attribute A can be used to divide S into m subsets
S1; S2; . . . ; Smf g. The information contained in the above Sj also has the same information in the attribute A, and the number
of samples in which the Sj belongs to the i-th is Sij, the entropy or information expectation of the result of partitioning by
attribute A is:
EðAÞ ¼
Xm
j¼1

S1j
�� ��þ S2j

�� ��þ S3j
�� ��þ . . .þ Smj

�� ��
jSj I S1j; S2j; S3j; . . . ; Sn

� � ð12Þ
The core of the ID3 algorithm: Select attributes on each node in the decision tree to use information gain as a variable for
partitioning attributes. In this process, the information needed for accurate classification should be reduced as much as pos-
sible. When all attributes are tested, the information gain is extracted from all the attributes, and then the attribute branches
cite this article as: Z. Li and X. Yu, Data mining technology for mechanical engineering computer test system, Mechanical Systems
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of the decision tree are constructed according to different values, and then the subordinate sets of each branch are repeatedly
judged to generate new decisions. The tree branches until the data contained in all subordinate collections belongs to the
same class. This operation is terminated.

2.4.2. Apriori algorithm
First, the database is scanned to generate a ‘‘0” and ‘‘1” matrix R corresponding to the database. To facilitate subsequent

calculations, the matrix behavior transaction is listed as an item set. Converts the transaction database DB containing m
items, containing n items, into the transaction matrix Rm*n.
Please
and Si
Z
: DB ! R;R ¼ f ðDBÞ ¼ dij

� �
m�n; dij ¼

1 Ij 2 Wi
� �

0 Ij R Wi
� �

(
; i ¼ 1;2; . . . ;m j ¼ 1;2; . . . ;n ð13Þ
The row of things Rm*n represents the thing, the column represents the item. When the item Wi contains the item Ij, the
corresponding dij = 1 in the matrix, otherwise dij = 0. Since the matrix is to be simplified, a column is added after the matrix
to calculate the row total (sum_hang), that is, the number of transaction items; a row is added below the matrix to calculate
the column total (lie_hang), that is, the project support number.

The structure D1 is structurally reduced to generate a new frequent k-term set. When a frequent k-term set is generated,
the matrix column corresponding to the item whose number of repetitions in the frequent (k-1)-term set is less than k is
removed from the matrix. If the total number of transactions is less than k, delete the row corresponding to the transaction
in the matrix. If a column total is less than min_sup, the column corresponding to the element in the matrix is deleted; the
simplification matrix structure is repeated according to the above steps, until the matrix Dk is obtained.

3. Experiment

3.1. Data source

The sensor outputs an analog electrical signal. The computer cannot directly process it. The continuous analog signal
needs to be converted into a discrete digital signal through the data acquisition card [30]. The main performance indicators
of the acquisition card include resolution, maximum sampling frequency, number of input channels, range, etc. This system
uses NI 9234 capture card. The NI USB-9234 capture card has 24-bit resolution with a range of ±5 V. The four channels are
simultaneously sampled. The maximum sampling frequency per channel is 51.2 k S/s. Four-channel simultaneous sampling
plays a vital role in this system. It ensures the synchronism of the signals of each channel and ensures accuracy in the sub-
sequent signal analysis.

KDDCUP99 data set:

The data set was developed based on the DARPA computer test evaluation data set of the Massachusetts Institute of Tech-
nology Lincoln Laboratory. The data is mainly from the network data generated within 9 weeks of the simulated military
network, including data for testing and training. There are a total of more than 7 million network connection records, and
there are dozens of frequently seen network intrusion types. There are four types of denial-of-service attacks, remote user
attacks, privilege attacks, and port attacks. Each record has 42 attributes, one is a class category attribute, and the other 41
are basic feature attributes, which are divided into 4 categories.

3.2. Experimental environment and test system components

This test uses five Lenovo desktops and one notebook to build an analog small LAN, including the external network, intra-
net and intrusion detection analyzer. Four of the desktop units are combined into an intranet, and one desktop is used as an
external network (used as a simulated attack experiment on the internal network), and that notebook is used as an analysis
processor for the intrusion detection system. Equipment: 5 Lenovo desktops (P4 3.0G, 512 M RAM, 40 GB hard drive), 1 len-
ovo laptop (Corei3 M330 2.13 GHz, 2G RAM, 500 GB hard drive); router one: TP-LINK TL-R406; switch one Department: TP-
LINK TL-SF1016S. Operating system: Windows 7 operating system. Development Tools: Visual Studio 2008.

The test system consists of the conversion, transmission, analysis, storage, and output devices of the sensor and acquisi-
tion data. There are 2 speed sensors, 5 pressure sensors and 4 flow sensors (located on DC motor, auxiliary drive motor and
secondary components), 4 tension sensors and 2 torque sensors (including speed signal detection). 2 temperature sensors 4
displacement sensors for data acquisition. There is also a compactness meter that measures soil compaction and a five-wheel
gauge that measures the speed of trolley travel. The test system also features a data acquisition processor (24 channels) and
its corresponding processing software.

3.3. Evaluation indicators

(1) Experimental simulation was performed in a MATLAB environment. In the actual test environment, the signal picked
up by the sensor is processed by filtering and other circuits to obtain the vibration signal of the rotor. The composition
of the vibration signal is relatively complex, and there are DC components, fundamental frequency components of the
cite this article as: Z. Li and X. Yu, Data mining technology for mechanical engineering computer test system, Mechanical Systems
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same frequency as the rotor, sub-frequency components, and times. Components such as frequency components and
random noise of a certain bandwidth. In order to simulate the actual vibration signal more accurately, it is assumed
that the general expression of the vibration signal is:
Please
and Si
yðtÞ ¼ A0 þ A1sin xt þu1ð Þ þ A2sin 2xt þu2ð Þ þ A3sin 3xt þu3ð Þ þ nðtÞ ð14Þ

In the above formula, A0 represents a DC component; A1 and u1 respectively represent the amplitude and phase of the

fundamental frequency component; A2 and u2 respectively represent the amplitude and phase of the 2 � frequency; A3

and u3 respectively represent the amplitude and phase of the 3 � frequency; n(t) represents random noise.

(2) System transfer rate and vibration isolation performance

The force transmission rate is defined by the force transmission rate:
e ¼ 1� TAð Þ � 100% ð15Þ

The closer e is to 100%, the better the vibration isolation effect is. Generally, e is greater than 90% to meet the requirement,

that is, the amplitude transmitted to the base force is less than 1/10 of the excitation force amplitude. The force transfer rate
describes the ratio of the force transmitted to the foundation and the magnitude of the excitation force, but is not easily mea-
sured in engineering. Therefore, the vibration transmission rate is more used in engineering to evaluate the effect of the
vibration isolator. The acceleration rate of the vibration measurement before and after the vibration isolation is expressed
in decibels as:
TdB ¼ 20lg
aa
ap

ð16Þ
In the formula, aa and ap are the vibration accelerations of the active end and the passive end, respectively. TdB > 0 indi-
cates that the acceleration transmitted to the passive end is attenuated. The higher the transmission rate, the better the
vibration isolation effect. TdB > 20dB indicates that the acceleration of the passive end after transmission to the vibration iso-
lation is less than 1/10 of the acceleration of the active end before the vibration isolation, that is, aa > 10ap. Modeling the
force isolation rate of the upper type, we can also define a more intuitive acceleration isolation:
ea ¼ 1� ap
aa

� 	
� 100% ð17Þ
The closer the ea is to 100%, the better the vibration isolation effect is. ea is equal to 90%, which means that the amplitude
of the passive end acceleration response is equal to 1/10 of the amplitude of the active end acceleration, that is, the accel-
eration of the active end is reduced after the vibration is transmitted to the passive end. 90%. The acceleration transfer rate in
the above formula is a commonly used evaluation index for the vibration isolation effect of the suspension system. This
paper uses this index to evaluate the vibration isolation effect of the suspension system.

4. Results and discussions

4.1. Data mining results analysis

4.1.1. Efficiency analysis
The efficiency of the two algorithms is compared under different conditions of minsup_count. The results are shown in

Fig. 2(a). The number of candidate sets is compared between the two algorithms under different conditions of minsup_count.
The result is shown in Fig. 2(b). The execution efficiency of the original Apriori algorithm is closely related to the number of
candidate sets generated by the algorithm and the number of scan databases. The improved Apriori algorithm reduces these
two indicators well and greatly improves the execution efficiency.

The Apriori improved algorithm based on matrix reduction only needs to scan the transaction database once; effectively
avoids the generation of the same candidate set and simultaneously targets the data; as the k value of the k-item increases,
the matrix becomes more and more simple, and candidates are obtained. The less time of the support number of the k-item
set is; the algorithm converts the scan of the database into a scan for the memory, which greatly improves the execution
efficiency of the mining association rule algorithm.

4.1.2. Acquisition of fault data
Under the condition of minimum support and minimum confidence, according to the improved algorithm, detailed fault

rule classification can be obtained, which can comprehensively contain fault data and accurately classify fault data. The fault
classification rules 1, 3, 6, and 11 in the fault rule can be obtained by the improved ID3 algorithm, and the remaining fault
rules cannot be obtained through it. Increase the default minimum support min_sup = 20% and get the fault rule as shown in
Table 1.

After the minimum support degree min_sup = 20% is increased, the number of fault classification rules is greatly reduced,
indicating that the generation condition of the result is strict, and the fault data information supporting the rule occupies a
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Table 1
min_sup = 20% fault information classification result.

B2 A2 A6 A3 A1 A10 A4 A5 FAULTNUM

1 1 3
2 0 3
3 0 0 3
4 1 0 2
5 1 1 2
6 0 1 3

(a) Comparison in execution time (b) Comparison in the number of generation candidate sets

Fig. 2. Efficiency results analysis chart.
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larger proportion in the original data repository, and also prove that the results obtained have a broader meaning. Due to the
special circumstances, the conditions of individual faults are harsh, and the faults are discarded under higher support com-
ponents, but these faults are also required. In the face of such contradictions, it is necessary to find a suitable minimum sup-
port and minimum confidence, and to determine these conditions to dig out more general fault classification rules. After
several trials, the results as shown in Table 2 were obtained:

It can be seen that the fault classification rules obtained under the more appropriate support and confidence include all
fault classifications. The fault rule information base composed of the classified information obtained at this time has good
guiding value.

4.2. Analysis of simulation results of dynamic balance test system

In the simulation experiment, A0 = 2 mm, A1 = 8 mm, u1 = 20�, A2 = 2 mm, u2 = 15�, A3 = 1.5 mm, u3 = 5�, fundamental
frequency f0 = 10 Hz, x = 2pf0, n(t) It is a Gaussian white noise with a standard deviation of 1. The simulation test is carried
out under different sampling points. When the number of sampling points is N = 32 and N = 128, the time domain waveform
and spectrum of the simulated vibration signal can be obtained, as shown in Figs. 3 and 4, respectively. It can be seen from
the above description that the amplitude of the fundamental frequency signal is 8 mm and the phase is 20�. By analyzing the
time domain diagram and the spectrogram of the vibration signal, the characteristics of the rotor imbalance signal can be
obtained: the signal of the time domain diagram is a harmonic waveform. The spectrum map contains multiple lines and
the line with the largest amplitude corresponds to the fundamental frequency of the rotor.

The fundamental frequency of the simulated vibration signal is 8 mm and the phase is 20�. Reasonable simulation sam-
pling parameters should be set during the experiment: the number of sampling points N satisfies the condition of N = 2n, and
the sampling frequency fs meets the conditions of the sampling theorem. The results of the four extraction methods for
extracting the amplitude and phase at different sampling points are shown in Tables 3 and 4. The results of the measured
amplitude and phase are listed in the table. The measurement error is calculated and each record is recorded. The time taken
for the second calculation.

Analysis of simulation and experimental results can lead to the following conclusions:
The extraction result of the integral method has large error, which is not suitable for the extraction of unbalanced system

signals with strong noise background. In addition to the integration method, the extraction results of the three extraction
methods, as the number of sampling points increases, the extraction error of amplitude and phase is decreasing, that is,
the extraction accuracy of amplitude and phase is improving. Among the three methods except the integral method, the
results of the three experiments are the highest in the calculation accuracy of the correlation method, and the calculation
time is the shortest. The calculation error is very small when the number of sampling points is 32 points. Therefore, the cor-
relation method has the characteristics of small calculation amount and simple processing, and is suitable for calculation of a
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Table 2
Fault information classification results of min_sup = 15% and min_conf = 80%.

B2 A2 A6 A3 A1 A10 A4 A5 FAULTNUM

1 0 4
2 1 3
3 0 3
4 1 2
5 0 0 3
6 1 0 2
7 1 3
8 1 0 2
9 1 3
10 0 1 3
11 1 0 1 1 0 1
12 1 0 0 1 4
13 1 0 0 1 4

(a) Time domain waveform (b) Spectrum

Fig. 3. Time domain waveform and spectrogram at N = 32.

(a) Time domain waveform (b) Spectrum

Fig. 4. Time domain waveform and spectrogram at N = 128.

Table 3
Calculation results when the number of sampling points is 32.

Extraction Method Amplitude Phase Amplitude Error Phase Error Calculating Time

Integral Method 10.3169 �4.2631 – – 73.456
Related Method 8.2359 20.3169 0.0031 2.0004 0.663
DFT 7.1524 33.2005 1.0357 40.1588 12.069
FFT 8.7129 31.2600 2.0639 32.1366 7.104
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Table 4
Calculation results when the number of sampling points is 128.

Extraction Method Amplitude Phase Amplitude Error Phase Error Calculating Time

Integral Method 15.3214 �6.3150 – – 42.315
Related Method 11.2647 22.3169 0.2136 0.6489 5.399
DFT 10.9961 25.1297 0.8134 10.2316 20.345
FFT 13.5678 24.9398 0.1994 9.2467 12.334
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dynamic balance test system with fewer sampling points. Comparing the calculation time of the DFT method and the FFT
method of the test results, it can be seen that the calculation speed of the FFT method is significantly faster than the DFT
method, which is consistent with the theoretical analysis.

When calculating the amplitude and phase by the DFT method, only the DFT of the fundamental wave X(1) needs to be
calculated without calculating the N point, which can greatly reduce the calculation time and effectively suppress the high
frequency interference. After the white noise interference is calculated by the N-point DFT, only the portion of the spectrum
in the baseband is output with X(1), so the DFT method can increase the signal-to-noise ratio to SNR = N:1. In practical test
applications, the number of sampling points is an integer multiple of the signal period, which can improve the calculation
accuracy, so that the hardware requirements are greatly improved. The FFT method is very fast, because it can extract various
frequency components and has a good suppression effect on harmonics. However, due to the influence of time domain trun-
cation, energy leakage is inevitable, which makes the calculation accuracy lower. In order to reduce the spectrum leakage, it
is necessary to select a reasonable sampling frequency and the number of sampling points. Generally, the number of sam-
pling points N is an integer power of 2, and a suitable window function can be added to the signal.
4.3. Analysis of mechanical vibration test results

Firstly, two unbalances are added to the two turntables of the rotor. The masses are 1.4 g and 1.4 g respectively, and the
phase angles are 0� and 90� respectively. The rotor vibration test software of the software system is used to test the vibration
of the rotor. First, the rotor is raised to 6000 RPM, the sampling frequency is set to 1652 Hz, the rotor is decelerated, and the
vibration signal is collected to obtain the Bode diagram of the rotor, as shown in Fig. 5.

Through the Bode diagram, we can know that the first-order critical speed of the rotor is 3480RPM. The first-order critical
speed of the rotor system obtained by ANSYS modeling and analysis is 3570RPM. The actual measured critical speed has
some deviation from the modeling calculation. In the modeling, the simplified error of the bearing is supported, the critical
speed error caused by the estimated bearing stiffness estimation error is adjusted, and the stiffness of the model is adjusted
so that the calculated critical speed is the same as the actual measurement.

The rotor is operated at 6970RPM and operated at the working speed of the rotor to monitor its vibration state. The
acquired vibration time domain waveforms in the y-axis direction and the x-axis direction of the bearing housing are shown
in Fig. 6. As can be seen from the figure, the vibration signal component is complex, the noise pollution is serious, and the
axis trajectory is disordered. The unbalanced fault of the rotor system cannot be clearly identified. The vibration signal is
denoised by the PDE denoising method. The axis trajectory of the rotor vibration is obviously elliptical. The rotor system
has an unbalanced fault.

It can be seen from the Bode diagram of the balance front and rear rotors of Figs. 5 and 6 that since the equilibrium rota-
tional speed is selected near the critical rotational speed, the vibration at the critical rotational speed after the rotor balance
is significantly reduced; the critical rotational speed amplitude is reduced as shown in Table 5. The critical speed amplitude
reduction ratio before and after the balance is 66.34%, which achieves a good balance effect, and the rotor can safely pass the
first-order critical speed.
Fig. 5. Bode system Bode diagram.
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Fig. 6. Vibration time domain waveform.

Table 5
Critical speed amplitude before balance.

Before Balance After Balance Reduction Ratio

Critical Speed Amplitude 1.01 0.34 66.34%
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However, due to the limited balance speed selected, the vibration range of the rotor is increased in the range of 5000
RPM-7000 RPM, which is mentioned in the multi-plane influence coefficient method of the flexible rotor, in the wide range
of speed. To reduce the vibration value of the rotor, it is necessary to select multiple speeds for balance.

4.4. Performance analysis of test system based on data mining technology

In order to verify the performance of the improved algorithm in the constructed system, the experiment first selects some
data in KDDCup99, and discretizes it, then uses Apriori algorithm and improved Apriori algorithm to perform association rule
mining on these records (minimum support). The degree is 5.13%, the minimum confidence is 96.34%, the rules they go to are
stored in the knowledge base, and the time they spend processing the same training data each time is recorded. After that,
Fig. 7. System running time.

Fig. 8. System detection rate.
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Fig. 9. System false detection rate.
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the systems using the two algorithms were tested with the data in the test data set, and their detection rate and false detec-
tion rate were counted. It was found that their false detection rates were basically the same, but the detection rate was large.
The system running time, detection rate and false detection rate are shown in Figs. 7–9, respectively.

According to the chart, the improved Apriori algorithm has a much higher temporal efficiency than the original algorithm,
and the effect becomes more and more significant when the number of training data records is large. The improved algo-
rithm’s false detection rate is basically the same as the original algorithm. Without increasing the false detection rate, the
detection rate is significantly improved. This shows that the rules generated by it are more streamlined and efficient, and
can better outline the user’s normal behavior. Moreover, the detection rate of the system does not decrease as the network
connection record grows, because the system dynamically updates the rules in the knowledge base. It can be seen that the
system established by applying the discretized data processing method and the improved algorithm has certain application
value.

5. Conclusions

By introducing the partial differential equation (PDE) into the rotor vibration signal denoising process, the existing PDE
filtering numerical solution algorithm is improved, and the calculation time is solved. The high-order PDE filtering theory is
derived and the PDE filtering is summarized. The unified model; the effects of several filtering methods are compared by
simulation experiments, and the flexible rotors are balanced by different dynamic balancing methods, and satisfactory
results are obtained.

From the simulation results, it can be concluded that the integral method is not suitable for the extraction of unbalanced
signals with strong noise background, but provides an idea for calculating the amplitude and phase of sinusoidal signals
under noiseless conditions; The processing is simple and suitable for the calculation of the dynamic balance test systemwith
fewer sampling points; both the DFT method and the FFT method use the principle of Fourier transform spectrum analysis,
but the FFT method calculates the speed much faster than the DFT method.

The improved Apriori algorithm is described in detail and the corresponding mathematical model is established. The
enforceability and timeliness of the improved algorithm are verified by an example. Experiments on the classification of fault
data prove that the improved Apriori algorithm is greatly improved compared with the original Apriori algorithm, and the
speed of acquiring fault rules is improved. From the simulation experiment results, the improved algorithm has higher exe-
cution efficiency and detection rate than the original algorithm, which reduces the data processing time, improves the sys-
tem detection rate, and achieves the purpose of improving the quality of intrusion detection. It has certain practical and
theoretical guidance.
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