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ABSTRACT: The movement state of contaminated oil in the pipeline is of great significance  

to the safe operation of oil-using equipment. The dynamic motion characteristics of the oil can be 

characterized by signals. However, the pressure signal of the oil is time-varying and complex; hence 

it is a typically non-stationary nonlinear signal. Therefore, the traditional linear analysis method used 

for the analysis of the oil signal is not suitable. For this reason, the Hilbert-Huang Transform (HHT) 

method is used to process and analyze the differential pressure signals of oils with different degrees 

of pollution, to obtain the characteristic frequencies of oil pressure signals, to explore  

the intrinsic connection of the characteristic frequencies and oils with different degrees of pollution, 

and to reveal the dynamic movement characteristics of oil in the pipeline. The results show that 

 the characteristic frequencies corresponding to the five groups of oil samples with a pollution degree 

of 17/12,18/12,19/13,19/13,20/16 (ISO4406 standard) are 20.29 Hz, 10.22 Hz, 6.94 Hz, 17.01 Hz, 

and 6.81 Hz, respectively; Each Intrinsic Mode Function (IMF) component of the oil signal has 

obvious frequency modulation characteristics; As the pollution degree increases, the oil frequency  

of the IMF2-4 component mainly shifts toward the middle of the interval, and the oil frequency  

of the IMF5-7 component mainly shifts toward the direction of 5.00 Hz, 3.00 Hz, and 1.60 Hz respectively. 

 

 

KEYWORDS: Differential pressure signal; Hilbert-Huang transform; Contaminated oil; Pressure 

signal; The characteristic frequency; The pollution degree. 

 

 

INTRODUCTION 

The oil medium is a vital part of the equipment system; 

it has many functions such as sealing, anti-corrosion,  

 

 

 

cooling, lubrication. However, if the pressure in the 

equipment system changes, the physical and chemical  
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properties and flow properties of the oil will change, which 

will cause the system to malfunction and affect the 

efficiency of the equipment during usage. Therefore, it is 

of great significance to analyze the movement 

characteristics of the oil in the pipeline and to grasp the 

changes in the oil under different pollution degrees [1]. 

Secondly, the pollution degree of the oil will affect  

the fluid flow, causing it to produce vortices of different 

sizes. The development of the vortex will cause the oil  

to pulsate. Therefore, the oil pollution degree can be 

assessed by the oil pressure [2].  

The dynamic motion characteristics of the oil can be 

characterized by signals. However, because the pressure 

signal of the oil is time-varying and complex, it is a typical 

non-stationary nonlinear signal. Therefore, the traditional 

linear analysis method is not suitable for the analysis of the 

oil signal. Recently, the methods of processing such 

signals mainly include wavelet transform [3-5], wavelet 

packet decomposition [6, 7], variational mode 

decomposition [8-10], mutual Correlation analysis [11, 12], 

short-time Fourier transform [13, 14] and HHT [15-17], 

etc. HHT method is an emerging processing technology, 

which is not limited by Fourier analysis. It can be 

adaptively decomposed from the characteristics of the 

signal itself while depicting the time spectrum and 

amplitude of the signal spectrum. Therefore, in recent 

years, the HHT method has been widely used to process 

non-stationary nonlinear signals. In the analysis of fluid 

dynamic characteristics, the fluid flow pattern is mainly 

identified by using the energy change law of the IMF 

component. Haifeng Ji et al. [18] used empirical mode 

decomposition to identify the flow pattern of gas-liquid 

two-phase flow in microchannels with the extracted 

characteristic parameters and IMF energy as the input 

parameters of the least squares support vector machine. 

The experimental results show that the method has high 

accuracy in identifying the four flow patterns of annular 

flow, bubble flow, slug flow, and stratified flow. Li 

Weiling et al. [19] analyzed the relationship between the 

Empirical Mode Decomposition (EMD) energy entropy 

and the flow state transition in the gas-liquid-solid three-

phase bubble column. It was found that when the flow state 

changes, the EMD energy entropy of the system will 

change, and the two transition points and the three main 

flow states of uniform flow, transition flow, and 

heterogeneous flow in the three-phase bubble tower can be 

observed obviously. In addition to using IMF energy  

as a characteristic value, frequency bands can also be divided 

according to the frequency characteristics of the IMF 

component, and the energy ratio of each frequency band  

is used as a characteristic value to characterize the dynamic 

change of the fluid. Peng Lu et al.[20] analyzed the 

pressure fluctuation signals under three flow modes of 

stratified flow, dune flow, and plug flow in the high-

pressure pneumatic conveying system. They used the energy 

change of the frequency band as an index to identify  

the flow pattern of compressed gas-solid flow and obtained 

the law between energy change and flow pattern change. 

Li Xiaolu et al. [21] judged the fluid flow pattern according 

to the change law of the energy ratio of each frequency 

band under different flow patterns and obtained that  

the brake fluid in the hydraulic brake line of the car was  

a bubbly flow. 

The above studies have achieved good experimental 

results, effectively proving the effectiveness of using the 

HHT method to analyze nonlinear non-stationary signals, 

so this research uses the HHT method to process and 

analyze the oil pressure signal. The characteristic 

frequency of oils with different pollution degrees  

is extracted, and the internal relationship between oil 

pollution and oil signals with different pollution degrees  

is discussed. 

 

EXPERIMENTAL SECTION 

Experimental setup 

The experimental device mainly includes two parts: the 

oil circuit device and the oil pressure signal acquisition 

system. The oil circuit device consists of an oil source,  

an oil inlet pipe, a flow sensor, an oil inlet connection 

block, a test pipe, an outlet connection block, a control 

valve, and an oil outlet pipe is shown in Fig. 1. The high 

precision pressure sensor1 and pressure sensor2 are set 

above the oil inlet connecting block and the oil return 

connecting block, respectively. The diameter of the oil 

inlet pipe and the oil return pipe is 24mm. The 

experimental pipeline is set as a rectangular parallelepiped 

with a cross-section of 0.04 × 0.04m and a length of 0.50m. 

The front wall surface and the top surface of the pipeline 

are made of transparent tempered glass, and the bottom 

surface and rear wall surface are made of steel plates. 

The oil pressure signal acquisition system mainly 

includes three parts: import and export sensors, data  
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Fig. 1: The diagram of the oil circuit device. 

 

acquisition card, and LabVIEW software. Among them, 

the inlet and outlet pressure sensors are YP-01S type 

sensors; their range is -0.10-2.00MPa. The power supply 

range is 12-36V, and the output range is 0-5V; The data 

acquisition card uses the NI PXI-6133 acquisition card 

produced by the American NI company. The acquisition 

card is a synchronous sampling multifunctional data 

acquisition device, which can provide 8 analog input 

channels (14 bits, each channel up to 2.50 MS/s rate),  

8 digital I / O lines, and 2 24-bit counter and triggers. 

Import and export sensors convert the collected oil 

pressure signals into electrical signals and transmit them  

to the data acquisition card. The acquisition card converts 

the oil pressure signal into a digital signal and transmits it 

to the LabVIEW software on the computer for real-time 

display and storage. 

 

Method for collecting oil pressure signal 

This paper uses LabVIEW software to compile the 

oil pressure signal acquisition system. The front panel 

mainly includes the parameter setting area and 

waveform display area (original waveform display area 

and filter display area). The parameter setting area 

specifically sets the acquisition parameters, such as the 

sampling rate of 20000 Hz, the number of samples of 

1000, the continuous sampling mode, and there are 

buttons for data saving, picture saving, filter, etc. The 

waveform display area mainly displays the changes  

in the inlet pressure signal, outlet pressure signal, and 

flow signal of the pipeline oil over time and the filtering 

situation in real-time.  

The preparation process of the contaminated oil is 

shown in Fig. 2. The experimental oil is selected as 25 # 

transformer oil. In order to prevent the particulate matter 

mixed in the factory oil during production and 

transportation from interfering with the experiment, the 

transformer oil was vacuum filtered to obtain the initial 

oil. Copper powder (10.00g) and silica powder (10.00g) 

are used as particulate contaminants, and it is mixed 

evenly with 500.00 mL of initial oil by shaking with  

an ultrasonic oscillator for at least 2 hours to prepare  

a highly contaminated oil. After the high-pollution oil  

is mixed evenly, the large particles in the oil are filtered 

by neutral filter paper. A high concentration of 

contaminated oil is then added in proportion to the tank 

and run in the pipeline for at least two hours. Because  

the oil source is set with a filter precision of 25μm, 

according to the ISO4406 standard, the different 

pollution levels of oil are classified according to the 

number of particles 5μm particle size and 15 μm particle 

size. After the HACH 8000A pollution tester (HACH 

Company) test, 5 sets of contaminated oil samples were 

obtained. The pollution level and particle number of each 

oil sample group obtained are shown in Table 1. The 

prepared oil is fed into the experimental pipeline through 

the hydraulic motor blade pump, first through the 

pipeline development section into the test section,  

then through the tail section into the oil tank, and the 

cycle is formed. 

Put the prepared contaminated oil into the 

experimental pipeline and circulate for 30 minutes. 

After the pressure value displayed by the pressure 

sensor changes to relatively stable, start collecting  

the oil signal. The time is about 160 s. 

 
RESULTS AND DISCUSSION 

Pretreatment of oil signal 

There is a lot of noise interference in the inlet and 

outlet pressure signals of the oil. Especially the oil inlet 

pressure signal has many signal glitches, most of which 

is due to the influence of noise interference. Therefore, 

first, use the inlet pressure signal to subtract the outlet 

pressure signal to obtain the differential pressure signal 

to eliminate the vibration of the pipeline itself. Secondly, 

wavelet analysis is used to filter the obtained pressure 

difference signal. We choose db 5 as the wavelet base, 

and the number of decomposition layers is four. The 

resulting filtered signal and original signal are shown  

in Fig. 3. 
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Table 1: The number of particles of different sizes contained in each group (pieces / mL). 

Number of groups Pollution degree 5um particles 15um particles 

1 17/12 1147.33 28.04 

2 18/12 1580.75 40.25 

3 19/13 2567.50 73.58 

4 19/13 3088.11 82.17 

5 20/16 5187.00 406.42 

 

 

Fig. 2: Flow chart of contaminated oil preparation. 

 

 

Fig. 3: Original pressure difference signal and filtered signal. 

 

By observing Fig. 3, it can be found that wavelet 

decomposition filters out many complex high-frequency 

components in the original signal, and the obvious shock 

component in the original signal still exists. Therefore, the 

use of Hilbert-Huang transforms to process the filtered 

signal is more conducive to subsequent analysis. 

 

IMF component 

In practical applications, the IMF components 

decomposed by EMD usually have modal aliasing and end 

effects. They will cause some components to fail to obtain 

the correct physical meaning, which will increase the 

difficulty of feature signal extraction and affect the 

subsequent analysis. Therefore, to avoid such problems, 

the noise-assisted Ensemble Empirical Mode 

Decomposition (EEMD) method based on EMD 

decomposition is used to process and analyze the oil signal. 

The differential pressure signal of the oil is decomposed 

by EEMD to produce 14 IMF components. Due to the five 

sets of pollution degrees, the impact components of IMF 1 
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                                           (a) IMF 4 component                                                                          (b) IMF 5 component 

         
 

Fig. 4: IMF 4-5 components of oil with different pollution degrees. 

 

complex. However, the impact components of the three 

components of IMF 4-5 are more obvious. When 

decomposed to the IMF 6 component, the impact 

component is significantly reduced, and its change is not 

obvious. The development trend of components after IMF 

7 is stable. Therefore, the IMF 4-5 components in each 

group of pollution degrees were extracted for analysis, as 

shown in Fig. 4. The horizontal axis represents time, and 

the vertical axis represents signal amplitude. 

It can be seen from Fig. 4(a) that at about 0.1 s of the 

IMF 4 component, all five groups of contaminated oil 

produced impact components, with amplitudes of 3.49×10-3, 

1.88×10-3, 1.97×10-3, 1.50×10-3 and 1.48×10-3, respectively. 

The amplitude of the impact component generated by the 

Group 1 is the largest, almost twice that of the other four 

groups. It is shown that at 0.1 s, the effect of particulate 

matter on the oils is most obvious in Group 1, and the 

impact component produced at this time may also be the 

characteristic component of Group 1; Secondly, as the 

pollution degree increases, the amplitude of the impact 

component generated at this time tends to decrease 

gradually. In about 0.5 s, the amplitudes of the impact 

components generated by the five groups of oils are 

1.55×10-3, 5.85×10-3, 1.28×10-3, 1.98×10-3 和 0.88×10-3, 

respectively. Group 1, Group 3, and Group 4 are relatively 

similar in magnitude. Group 5 is relatively small, which is 

close to half of Group 4, but Group 2 has the largest 

amplitude, almost 3-5 times the pollution degree of the 

other four groups. It shows that at 0.5 s, the influence of 

particles on the oil is most obvious in Group 2. The impact 

component generated at this time is the characteristic 

component of Group 2. At around 0.9 s, the impact 

components were generated in Groups 1 and 3-5, and the 

amplitudes were relatively close, respectively 1.41×10-3、

1.52×10-3, 2.73×10-3, 1.16×10-3. The impact component of 

Group 2 is not obvious, but Group 4 has the largest 

amplitude, which is about twice the amplitude of other 

groups. It shows that the influence of particles on the oil is 

enhanced in Group 4. That is, 0.9 s is the characteristic of 

Group 4. At around 2.7 s, the magnitudes of the pollution 

impact components in Group 1 and 2 were 1.24×10-3 and 

1.43×10-3, respectively. The impact components of Group 

3 and 4 currently are not obvious. However, when the 

pollution degree of the oil increases to Group 5, the 

amplitude of the impact component is 2.92×10-3, and the 

effect of particulate matter on the oil is significantly 

enhanced in Group 5, which also shows that it is the 

characteristic of Group 5 at 2.7 s. Around 4.8 s, the 

amplitude of the impact component generated by Group 4 

is 0.80×10-3, which is significantly lower than the 

amplitude of the other groups, about one-third of them.  

It shows that the influence of particles on the oil is 

attenuated in Group 4, which is the characteristic moment 

of the pollution degree of Group 4 at 4.8 s. At 6.7 s and 7.0 s, 

the amplitude of the impact components of Group 5 of 

pollution degrees were 0.82×10-3 and 0.76×10-3, which  

0 2 4 6 8 10
-5
0
5

x 10
-3

G
ro

u
p
 1

0 2 4 6 8 10
-0.01

0
0.01

  
 

G
ro

u
p
 2

0 2 4 6 8 10
-5
0
5

x 10
-3

G
ro

u
p
 3

0 2 4 6 8 10
-5

0
5

x 10
-3

G
ro

u
p
 4

0 2 4 6 8 10
-5
0
5

x 10
-3

G
ro

u
p
 5

time（s）

0 2 4 6 8 10
-5
0
5

x 10
-3

G
ro

u
p

 1

0 2 4 6 8 10
-5
0
5

x 10
-3

G
ro

u
p

 2

0 2 4 6 8 10
-2
0
2

x 10
-3

G
ro

u
p

 3

0 2 4 6 8 10
-5
0
5

x 10
-3

G
ro

u
p

 4

0 2 4 6 8 10
-5
0
5

x 10
-3

G
ro

u
p

 5

time（s）



Iran. J. Chem. Chem. Eng. Ge L. et al. Vol. 41, No. 10, 2022 

 

3550                                                                                                                                                                Research Article 

were significantly lower than those of the other groups, 

indicating that 6.7 s and 7.0 s were the characteristic 

moments of Group 5. At about 9.5 s, the amplitude of the 

impact component of Group 3 of pollution degree is 

0.92×10-3, which is significantly lower than the amplitude 

of the impact component of the other groups, indicating 

that the impact of particles on the oil is the weakest in 

Group 3. It also shows that 9.5 s is the characteristic time 

of Group 3. It can be seen that with the increase of the 

number of particles, the maximum impact time of oil flow 

pressure presents a gradually increasing trend. This is 

because with the increase of particle concentration in the 

oil, particle inertia increases the average flow velocity in 

the near-wall region, and the thickness of the turbulent 

viscosity bottom decreases and the flow velocity gradient 

increases [22], which leads to the gradual delay of the 

pressure pulsation time of the oil flow. 

In about 1.5 s, the amplitudes of the impact 

components generated by the five groups of oils with 

pollution degrees are 0.94×10-3、0.92×10-3、2.25×10-3、

1.78×10-3、 2.62×10-3, respectively. The amplitude of 

Group 1 and Group 2 is significantly lower than that of 

Groups 3-5, indicating that the impact of particulate matter 

on the pollution degree of Groups 1 and 2 was weakened 

around 1.5 s. Around 3.5 s, the amplitudes of Groups 3 and 

4 were significantly lower than the other groups, indicating 

that the effect of particulate matter on the oil has weakened 

in Groups 3 and 4. However, in about 4.5 s, the amplitudes 

of Group 2 and Group 3 were significantly higher than 

those of the other three groups, indicating that the 

influence of particulate matter on the oil in Group 2 and 

Group 3 was enhanced. At 5.7 s, the amplitudes of Groups 

4 and 5 have increased compared with the first three 

groups, indicating that the impact of particulate matter on 

the oil has increased under the pollution of Groups 4 and 

5. At about 6.1 s, the impact components of Groups 1 and 

5 increased in amplitude compared to the other three 

groups, indicating that the impact of particulates on the oil 

increased under the pollution levels of Groups 1 and 5.  

As can be seen at the same time, due to the oil pulsation 

amplitude with the increase of particle concentration,  

the periodic change, that illustrate the impact of particles 

on the oil pressure in the oil in Group 3 showed a trend  

of decrease when the particle concentration, when the particle 

concentration more than Group 3 of particle concentration, 

the oil pressure fluctuation and showed a trend of increase; 

this is because with the increase of particle concentration, 

the viscous shear force of oil increases and the pulsation 

degree of oil decreases. When the particle concentration 

reaches a certain level, the particle settlement makes  

the wall surface form a rough wall surface, it enhances  

the turbulence burst behavior in the near-wall area, which 

leads to the increase of oil pulsation. 

It can be seen from Fig. 4 (b) that around 0.2 s in the 

IMF 5 component, there is a significant impact component 

in the pollution degree of Group 5. However, the impact 

component of the pollution degree in groups 1-4 is not 

obvious. It shows that when the pollution degree is 

increased to Group 5, the impact component is enhanced 

at 0.2 s, a characteristic moment of Group 5. Around 0.6 s, 

the impact component of Group 2 is significantly enhanced 

compared to the other four groups, with an amplitude of 

3.03×10-3, indicating that 0.6 s is a characteristic moment 

of Group 2. At about 1.3 s, the amplitude of the impact 

components of the first and fifth groups is more obvious, 

and the impact components of Groups 2-4 are attenuated. 

At around 1.9 s, the amplitudes of Group 1 and Group 2 

are more obvious. With the increase in pollution, the 

impact components of Groups 3-5 were significantly 

weakened. At 4.3 s, there is a significant impact 

component in Groups 1-4, but not obvious in Group 5.  

It shows that in Group 5 of pollution degrees, the impact 

component at the time of 4.3 s is attenuated, indicating that 

4.3 s is a characteristic moment of the fifth group of 

pollution degrees. The pollution degree of Group 3 and 

Group 5 has obvious impact components around 7.5 s and 

8.0 s, respectively, indicating that Group 3 and Group 5 

were significantly enhanced at these two moments. 

Around 8.7 s, there is a significant impact component in 

the pollution degree of Group 1. As the pollution level 

increases, the impact component is slowly attenuated.  

At around 9.8 s, there is a significant impact component  

in the pollution degree of Group 2. As the pollution level 

increases, the impact component of Group 3-5 is also 

gradually attenuated. 

In the IMF 4 component, 0.1 s, 0.5 s, 0.8 s, and 2.7 s 

are the character moments of the pollution degree of Group 

1, Group 2, Group 4, and Group 5, respectively. In the IMF 

5 component, 8.7 s is the characteristic of Group 1. 0.6 s, 

and 9.8 s are the characteristics of Group 2. 7.5 s, 8.0 s, 

and 0.2 s are the characteristics of Group 3. Group 4 and 5. 

Their characteristics are mainly reflected in that the impact 
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components generated have been significantly enhanced 

during these times. In the IMF 4 component, 4.8 s and 9.5 

s are the characteristics of Group3 and 4, while 6.7 s and 

7.0 s are the characteristics of Group 5. In the IMF 5 

component, 4.3 s is the characteristic of Group 5, and its 

characteristic is mainly manifested that the impact 

component generated has a significant weakening during 

these times. While in 2.1 s, 2.3 s, 3.0 s, 3.8 s, 6.4 s, 7.4 s, 

8.1 s, and 8.5 s, the impact components of the IMF 4 

components are more balanced under the pollution degree 

of each group. Secondly, in the IMF 4 component, the five 

groups of oils have obvious impact components at 3.0 s, 

2.1 s, 4.6 s, 3.0 s, and 3.1 s. At the same time, there are 

obvious impact components at about 2 times, such as 6.1 

s, 4.3 s, 9.0 s, 5.7 s, and 6.1 s, which shows that the impact 

component may be the group of contaminated oil 

Characteristic frequency. 

 

IMF amplitude-frequency diagram 

The Fourier transform is used to analyze the IMF 

components of each group of pollution signals, and the 

amplitude-frequency diagram shown in Fig. 5 is obtained, 

in which the vertical axis represents the signal amplitude, 

and the horizontal axis represents the frequency. 

It can be seen from Fig. 5 that the frequency 

components of the five groups of IMF 1 components are 

the same as the original signal. Each IMF component has 

a more obvious approximately symmetrical small wave on 

both sides of the peak of its main frequency component, 

which indicates the pollution degree of each group. The 

frequency of the oil has obvious frequency modulation 

characteristics. In Fig. 5 (a), there are two frequencies with 

larger amplitudes of 20.22 Hz and 28.99 Hz in the IMF 2 

component amplitude-frequency diagram. The frequency 

of the maximum amplitude in the IMF 3 component 

amplitude-frequency diagram is 20.29 Hz. There are four 

frequencies with larger amplitude in the IMF 4 amplitude-

frequency diagram, which are 10.22 Hz, 11.44 Hz, 13.12 

Hz, and 15.18 Hz, respectively. The frequency with the 

larger amplitude in IMF 5 is 4.96 Hz. In Fig. 5 (b), the 

frequencies with larger amplitudes in the IMF 2 

component amplitude-frequency diagram are 15.72 Hz, 

19.91 Hz, and 23.50 Hz, respectively. In IMF 3, there are 

two frequencies with a relatively large amplitude of 10.22 Hz 

and 13.66 Hz. There are 6 frequencies with large amplitude 

in IMF 4, namely 8.16 Hz, 8.84 Hz, 9.23 Hz, 11.60Hz, 

12.28 Hz, and 12.82 Hz. The frequency with  

a larger amplitude in IMF 5 is 5.03 Hz. In Fig. 5 (c),  

the frequencies with larger amplitude in the IMF 2 component 

are 19.83 Hz, 22.66 Hz, and 27.92 Hz. The frequencies 

with a larger amplitude in IMF 3 are 13.27 Hz and 16.48 Hz. 

The frequency is 6.94 Hz. In Fig. 5 (d), the frequencies 

with larger amplitudes in the IMF 2 component are 15.49 Hz, 

17.09 Hz, 18.77 Hz, 22.50 Hz, and 23.34 Hz, respectively. 

The frequency with the largest amplitude in the IMF 4 

component is still 17.01 Hz, and its amplitude is 0.24 × 10-3 

smaller than that of IMF 3. At the same time, the 

amplitudes at 10.22 Hz, 11.06 Hz, and 15.33 Hz are also 

larger. In Fig. 5 (e), the frequencies with the largest 

amplitudes of the IMF 2-4 components are 35.17 Hz, 16.48 

Hz, and 9.46 Hz, respectively. In the IMF 2 and IMF 3 

components, when the pollution degree changes from 

Group 2 to Group 5, the frequency with a larger amplitude 

tends to increase. In IMF 4-7, as the pollution degree 

increases, the frequency with a larger amplitude has certain 

fluctuations. The frequency with a larger amplitude 

increases first and then decreases, while in IMF4-7, with 

the increase of pollution degree, the frequency with  

a larger amplitude fluctuates to some extent. This is 

consistent with the conclusion that oil pulsation amplitude 

changes periodically with the increase of particle 

concentration at the same time in Fig. 4. 

In order to better analyze the relationship between  

the five groups of pollution degrees and further extract  

the characteristic frequency, the IMF 2-7 components of 

the five groups of pollution degrees were collected and 

analyzed, as shown in Fig. 6. It can be found that each IMF 

component will have a large peak frequency at a basic 

interval of about 5.00 Hz, especially the IMF 2 and IMF 3 

components are most obvious. Therefore, the frequency 

components in each IMF component are divided into 

frequency intervals with 5.00 Hz as a frequency segment. 

It can be seen from Fig. 6 (a) that in the IMF 2 component, 

except for Group 3, the frequency components of the other 

groups are mainly distributed between 10.00-35.00 Hz,  

so we focus on analyzing the frequency in the range  

of 10.00-35.00 Hz. Around 10.00-15.00 Hz, as the pollution 

degree increases, the frequency in this interval tends  

to shift towards 15.00 Hz. Around 15.00-20.00 Hz,  

as the pollution degree increases, the frequency with  

a larger amplitude in this interval is slowly shifting toward  

15.00-18.00 Hz. Around 20.00-25.00 Hz, as the pollution 
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(a) Group 1 contamination oil                                                         (b) Group 2 contamination oil 

           

 
(c) Group 3 contamination oil                                                         (d) Group 4 contamination oil 

           

 
(e) Group 5 contamination oil 

 

 
Fig. 5. Amplitude-frequency diagram of IMF components of oil signals with different pollution degrees. 
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degree increases, the oil frequency in this interval slowly 

shifts towards 21.00-23.00 Hz. Around 25.00-30.00 Hz,  

as the pollution degree increases, the frequency in this 

interval slowly shifts towards 26.00-28.00 Hz. Around 

30.00-35.00 Hz, as the pollution degree increases, the oil 

frequency shifts towards 35.00 Hz. In Fig. 6 (b), about 

10.00-15.00 Hz, as the pollution degree increases, the peak 

frequency around 15-20 Hz gradually shifts toward 17.00 Hz. 

Around 20.00-25.00 Hz, with the increase of the pollution 

degree, the frequency of the oil develops towards 25.00 Hz. 

Around 25.00-30.00 Hz, with the increase of the pollution 

degree, the frequency of the oil develops toward 26.00 Hz, 

and its frequency has been enhanced in the oil. Around 

30.00-35.00 Hz, the pollution degree increases, and the oil 

frequency shifts towards 35.00 Hz. In Fig. 6 (c), about  

5.00-10.00 Hz, the pollution degree increases, and the 

frequency in this interval gradually shifts forward. The 

pollution degree increases around 10.00-15.00 Hz, and the 

oil frequency shifts towards the middle of the interval. 

Around 15.00-20.00 Hz, the pollution degree increases,  

and the oil frequency gradually shift toward 15.00-17.00 Hz. 

In Fig. 6 (d), the five groups of pollution levels all have peak 

frequencies around 5 Hz, 4.96 Hz, 5.03 Hz, 4.57 Hz, 5.64 Hz, 

and 4.88 Hz, respectively. This shows that the pollution 

degree is increasing, and the low-frequency part of the oil  

is slowly developing towards 5.00 Hz; In Figs. 6 (e) and (f), 

the frequencies of IMF 6 and IMF 7 are mainly concentrated 

in 0-5.00 Hz. In IMF 6, as the pollution degree increases,  

the frequency of the oil gradually shifts toward 1 Hz, and 

the frequencies with larger amplitudes among the five 

groups of pollution degrees are around 1.60 Hz.  

Secondly, among the six components, the amplitudes 

of IMF 3, IMF 6, and IMF 7 components are the largest, 

indicating that these three components are the main 

components of the oil signal. In the IMF 3 component, 

Group 1 has a maximum peak at 20.29 Hz, with an 

amplitude of 3.70×10-4. In contrast, in the pollution degree 

of the 2-5 groups, there is no obvious peak frequency 

around 20.00 Hz, indicating 20.29 Hz is the characteristic 

frequency of Group 1 pollution degree. Group 2 has  

a maximum peak of 13.66 Hz, and the secondary peak 

frequency is 10.22 Hz, with an amplitude of 2.25×10-4.  

At 10.22 Hz, the amplitude of the remaining groups at 

frequencies around 10.00 Hz is not obvious, but Group 3 

is the secondary peak at 13.27 Hz, which is like the 

amplitude of Group 2. This shows that 10.22 Hz is the 

characteristic frequency of Group 3 of pollution degrees. 

Group 4 has the maximum peak frequency at 17.01 Hz, 

with an amplitude of 4.28×10-4, while Group 1 at 

frequencies around 17.00 Hz is not obvious. Secondly, 

although Group 2, Group 3, and Group 5 have obvious 

peak frequencies around 17.00 Hz, their maximum 

amplitude is still about half that of Group 4, which shows 

that 17.01 Hz is the fourth Characteristic frequency.  

The characteristic frequencies of Groups 3 and 5 are not 

obvious in IMF 3. The characteristic frequencies of Groups 

3 and 5 are not obvious in IMF 3, and the maximum peak 

frequencies of each pollution degree in IMF 5-7 

components are around 5.00 Hz, 3.00 Hz, and 1.50 Hz, 

respectively, and the difference is not obvious. In the IMF 2 

component, Group 2 has a significant peak frequency of 

around 5.00-10.00 Hz, while the other groups have no 

obvious peak frequency of around 5.00-10.00 Hz. In this 

interval, the maximum peak frequency of Group 2 is 10.38 

Hz, and it can also be explained that 10.22 Hz is the 

characteristic frequency of the pollution degree of Group 

2. Simultaneously, Group 5 has the maximum peak 

frequency at 35.17 Hz, with an amplitude of 1.32×10-4.  

In comparison, the other groups have relatively small 

amplitudes at frequencies around 35.00 Hz, indicating that 

35.17 Hz is characteristic of Group 5 frequency. Among 

the IMF 4 components, Group 3 has a maximum peak  

at 6.94 Hz with an amplitude of 1.99×10-4. Although  

the other four groups have peaked around 6.00 Hz,  

the amplitudes are all less than 1×10-4, which is not 

obvious relative to the amplitude of 6.94 Hz in Group 3. 

This shows that 6.94 Hz is the characteristic frequency of 

Group 3 of pollution degrees.  

In summary, in the IMF 2- 4 component, the oil 

frequency shifts in the intermediate direction of the 

interval as the pollution degree increases. In the IMF 5-7 

component, the frequency of the oil is mainly shifted in the 

direction of 5.00 Hz, 3.00 Hz, and 1.60 Hz, respectively. 

Secondly, the characteristic frequencies of 1-5 groups of 

polluted oils are 20.29 Hz, 10.22 Hz, 6.94 Hz, 17.01 Hz, 

and 35.17 Hz, respectively. This is because the oil in the 

test pipe section, under the action of the rotation frequency 

pulsation of the main shaft of the system, passes through 

the sudden expansion of the pipeline and forms a vortex 

structure leading to turbulence. Because of the Komanda 

effect, the asymmetric jet flow in the pipeline is deflecting, 

which leads to continuous stable, unstable and  
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(a) Amplitude-frequency diagram of IMF 2                                    (b) Amplitude-frequency diagram of IMF 3 

           
 

(c)Amplitude-frequency diagram of IMF 4            (d) Amplitude-frequency diagram of IMF 5 

          
 

(e) Amplitude-frequency diagram of IMF 6         （f）Amplitude-frequency diagram of IMF 7 

           
 

Fig. 6. Amplitude-frequency diagram of IMF 2-7 components. 

 

turbulent flow of the oil and makes the pressure pulsation 

of the oil show obvious periodicity [23]. Due to the influence 

of the particles in the oil, this periodicity is accompanied  

by the increase of the particle concentration. When the 

particle concentration is lower than a certain number,  

the viscous shear force of the oil increases, thus reducing 

the pulsation degree of the oil. When the particle 

concentration exceeds this concentration, the settling  
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effect of particles makes the pipe wall form a rough wall, 

it enhances the turbulence burst behavior in the near-wall 

area, which leads to the increase of oil pulsation. 

Through the collection and extraction of the 

experimental data of the motion state of contaminated oil 

in the pipeline, the differential pressure signals of oil with 

different contamination degrees were processed and 

analyzed by using the HHT method. The characteristic 

frequencies of oil signals with different contamination 

degrees were obtained according to the characteristic 

analysis of IMF components of each oil sample. Through 

the research of IMF frequency maps of oil signals with 

different pollution degrees, it is found that each IMF 

component has obvious frequency modulation 

characteristics under different pollution degrees. Based on 

the analysis of the Hilbert time spectrum of signal with 

different pollution degrees, the influence law of the natural 

frequency of oil in pipeline operation on the motion state 

of oil samples is obtained. It provides a preliminary 

research basis for further exploring the internal 

relationship between oil signals and oil pollution degree of 

different pollution degrees. 

 

CONCLUSIONS 

Due to the pressure signal of oil being time-varying and 

complicated, especially the pulsation of oil with a certain 

particle concentration is a typical non-stationary nonlinear 

signal, the traditional linear analysis method is not suitable 

for the analysis of oil signal. However, the Hilbert-Huang 

transform method is a new processing technology; it is not 

limited by Fourier analysis, and can carry out adaptive 

decomposition from the characteristics of the signal itself, 

and can describe the time spectrum and amplitude 

spectrum of the signal. Therefore, the HHT method was 

used to deal with the non-stationary nonlinear signal of oil 

pressure with particle concentration, to study the signal 

characteristics of oils with different pollution degrees in 

the pipeline. First, through the analysis of the IMF 

components of the five different groups of oil signals of 

different pollution degrees, the characteristics of the 

pollution levels of 0.1 s, 0.5 s, 0.8 s, and 2.7 s are Groups 

1, 2, 4, and 5, respectively in the IMF 4 components; In the 

IMF 5 component, 8.7 s is the characteristic of Group 1 

pollution degree. 0.6 s and 9.8 s are the characteristics of 

Group 2 pollution degrees. 7.6 s, 8.0 s, and 0.2 s are  

the characteristics of Group 3, Group 4, and Group 5, 

respectively. Their common characteristic is mainly 

reflected in the significant increase in the impact 

component generated during these times. Among the IMF 

4 components, 4.8 s and 9.5 s are the characteristics of the 

pollution degree of Groups 3 and 4, respectively, and 6.7 s 

and 7.0 s are the characteristics of the pollution degree  

of Group 5. In the IMF 5 component, 4.3 s is characteristic 

of Group 5 pollution degree. Their common characteristic 

is mainly manifested in that the impact components 

generated have significantly weakened during these times. 

Second, by analyzing the IMF amplitude and frequency 

maps of the oil signals of 5 groups of different pollution 

degrees, it is obtained that under different pollution 

degrees, each IMF component has obvious frequency 

modulation characteristics. Simultaneously, as the pollution 

degree increases, the oil frequency of the IMF 2-4 

component mainly shifts toward the middle of the interval, 

and the oil frequency of the IMF 5-7 component mainly 

shifts toward the direction of 5.00 Hz, 3.00 Hz, and 1.60 Hz. 

Secondly, the characteristic frequencies of the pollution 

levels in groups 1-5 are 20.29 Hz, 10.22 Hz, 6.94 Hz, 17.01 Hz, 

and 6.81 Hz, respectively. 

The above research results show that HHT can obtain 

the characteristic values of oil pressure with different 

particle concentrations according to IMF energy, divide 

the frequency bands of oil pressure according to IMF 

component frequency characteristics, and take the energy 

of each frequency band as the characteristic value. The 

dynamic change of oil pressure with particle concentration 

is characterized by the energy change of the frequency 

band, which provides technical support for mastering the 

dynamic characteristics of particle pollution in oil operations. 
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