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Knock intensity identification of piston aviation kerosene engine

based on dual-domain feature analysis
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Abstract: To improve the accuracy of recognizing knock intensity in aviation kerosene piston
engines, a dedicated test bench was built, combustion tests were conducted, and cylinder pressure signals
under various operating conditions were collected to extract knock information. Wavelet packet transform
was applied to decompose the pressure signals, and energy entropy analysis was used to identify sub-band
components effectively characterizing knock levels. The knock feature sub-band for this engine was found
to be concentrated within the 7.5—18.75 kHz range. Knock information within this band was reconstructed,
and 22 knock feature indicators were extracted from the time and frequency domains, forming a bi-domain
knock feature image. To accurately identify and analyze knock intensity, both a multilayer perceptron
(MLP) model and a convolutional neural network (CNN) model were developed. These models used the
dual-domain knock feature indicators and images as input parameters and were validated under four
different operating conditions. The results demonstrated high recognition accuracy for both models, with
the CNN model achieving an average accuracy of 93.46%, surpassing the MLP model’s 88.50% by 4.96%.
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This highlighted the CNN model’s superior accuracy and generalization capability for knock intensity

recognition in aviation kerosene engines.

Keywords: piston aviation kerosene engine; knock intensity identification; wavelet packet theory;

dual-domain feature analysis; convolutional neural network
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Fig. 1 Schematic diagram of engine test stand system
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Table 2 Basic parameters of the engine knock test conditions
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Fig.2 Cylinder pressure curves for typical knock cycles
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Table 3 Number of each knock level in the knock test under different operating conditions
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Fig. 3 Six-level wavelet packet decomposition band structure diagrams (unit: kHz)
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Fig. 4 Wavelet packet transform subband signals for non-knock conditions
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