Acquire present timing current data, historical normal valve core timing current data,
historical spring breakage timing current data, historical stuck valve core timing current
data, and historical slightly stuck valve core timing current data for a solenoid valve drive
end, and preprocess the data

'

Perform time domain analysis and frequency domain analysis on the preprocessed
present timing current data, historical normal valve core timing current data, historical
spring breakage timing current data, historical stuck valve core timing current data, and

historical slightly stuck valve core timing current data for the solenoid valve drive end to
obtain present time domain and frequency domain feature vectors, time domain and
frequency domain feature vectors for a normal valve core, time domain and frequency
domain feature vectors for a broken spring, time domain and frequency domain feature
vectors for a stuck valve core, and time domain and frequency domain feature vectors for
a slightly stuck valve core, respectively

'

Perform fusion processing on the present time domain and frequency domain feature
vectors, the time domain and frequency domain feature vectors for the normal valve core,
the time domain and frequency domain feature vectors for the broken spring, the time
domain and frequency domain feature vectors for the stuck valve core, and the time
domain and frequency domain feature vectors for the slightly stuck valve core to obtain a
present complex feature vector, a complex feature vector for the normal valve core, a
complex feature vector for the broken spring, a complex feature vector for the stuck
valve core, and a complex feature vector for the slightly stuck valve core, respectively

A

Establish a vector dataset based on the complex feature vector for the normal valve core,
the complex feature vector for the broken spring, the complex feature vector for the stuck
valve core, and the complex feature vector for the slightly stuck valve core

A

Train a pre-established random forest model with the vector dataset, and diagnose and
identify the present complex feature vector after the completion of training the random
forest model

FIG. 1



Construct an operating circuit in a normal working condition and measure drive
end current based on a current sensor

:

Calculate a mean value, an effective value, an extreme difference, and a first
inflection point time of current as time domain features according to timing
current values

'

Select a suitable wavelet basis function for three layers of wavelet packet
decomposition According to a second-order derivative of the timing current,
and calculate energy of each layer as a frequency domain feature

i

Combine a timing feature and a frequency domain feature in a normal state
into a complex feature

'

Simulate several typical faults and record a plurality of sets of complex feature
vectors corresponding to the faults

'

Train an isolated forest model with all labeled complex feature vectors as a
dataset

'

Diagnose a fault mode online using the isolated forest model

FIG. 2
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