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Charge Detection Method of Debris Based on
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Abstract: It is difficult to determine the distribution of charging debris in lubricating oil and accurately
measure the number and charge value of charging debris with traditional on-line monitoring methods. To address
this problem, a charging debris detection method based on electrostatic tomography (EST) technology and deep
learning algorithm is proposed in the study. First, BP neural network algorithm is adopted to reconstruct the im-
age of charge distribution on the measured section. Thereafter, the reconstructed image is analyzed with convolu-
tional neural network (CNN) algorithm to identify the number of charging debris. Finally, the number of charging
debris and the measured data obtained by the EST sensor are combined into an input vector and then transferred
to a multilayer feed forward network. Therefore, the mapping relationships between the amount of charging de-
bris, the induced charge value and the charge value of each charging debris can be formed. In this way, the accu-
rate charge value of each charging debris can be obtained. The experimental results demonstrated that the mea-
surement error of the mixed neural network model was about 9%, which could meet the requirement of on-line
monitoring of lubricating oil.
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Table 1 Results of BP image reconstruction algorithm for charging debris

Debris

Simulation data

Measured data

Real distribution

coordinate/cm Landweber

BP Landweber BP

(-4.5,1)

(2.5,-0.5)

(2.5,-3.5)
(-2.5.35)

(3,3.5)
(0,0.5)

(3,0)(-4.5,0)
(-1.5,-0.5)

Table 2 Correlation coefficients obtained with two image

reconstruction algorithms

Debris Simulation data Measured data
coordinate/cm Landweber BP Landweber BP
(-4.5,1) 0.3370 1.0000 0.3301 0.9984
(2.5,-0.5) 0.1101 1.0000 0.11 0.9902
(2.5,-3.5)
4277 1. 2322 1.
(-2.53.5) 0 0000 0.23 0000
(3,3.5) 0.2446 1.0000 0.2373 0.9997
(0,0.5) ' ’ U ’
(3,0)(-4.5,0)
. 19953 . .
(-1.5.-0.5) 0.2070 0.995 0.1579 0.8627
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Table 3 Classification results of CNN

Number of charging

Coordinate/cm Real distribution

Training set/ Classification

=]
]

debris testing set accuracy/%
1 9600/287 100
(_0.5’_1) . .
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Fig. 9 Results of charge estimation using simulation data
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Fig. 10 Results of charge measurement

Table 4 Errors of charge measurement (%)

Number of charging debris Simulation data Measured data

Single charging debris 1.01 20.3
Two charging debris 2.96 11.75
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