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Research on internal leakage prediction in check valve
based on multi-source signals

Li Wei Tong Chengbiao Wu Jiateng Wu Yihua
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Abstract: As an important component of the hydraulic system, check valve affects the work efficiency of the hydraulic system and the
safe and stable operation of the equipment when internal leakage occurs. Aiming at the leakage prediction in check valve, a non-
destructive leakage prediction method in check valve based on multi-source signal and cuckoo search support vector regression ( CS-
SVR) is proposed. Firstly, a leakage detection experimental platform in the check valve is established, and the vibration signal and
acoustic emission signal leaking in the check valve under the different working conditions and the different fault characteristics are
obtained on the platform. Secondly, wavelet packet energy analysis method is used to extract the root mean square (RMS) of optimal
frequency band reconstruction signals which are as the predictors with the inlet pressure to establish a multi-source signal prediction
model based in CS-SVR. Finally, with compared and analyzed the models, the results show that the cuckoo search (CS) has a greater
advantage over the grid search (GS) and particle swarm optimization ( PSO) for SVR model parameters. Prediction methods based on
multi-source signal inputs are more accurate than single-source input prediction methods, and the proposed method can realize the
prediction of the internal leakage rate of the check valve with different pressure, different fault categories and different fault degrees. The
proposed method average relative error is 8. 97% and has high robustness, which lays a foundation for the development of non-destructive
testing application technology for valve leakage.
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Table 1 Parameters of the experiment

(e [BE i i 1 A
Ra3.2 6~9 MPa

AR 2 Rab. 3 6~9 MPa
Ral2.5 6~9 MPa

0. 05 mm 6~9 MPa

2 ) g L 0.1 mm 6~9 MPa
0.2 mm 6~9 MPa

B 6~9 MPa

JRIH 2 i 6~9 MPa
S 6~9 MPa

P SRS B i 9

Fig. 1 Faulty check spool for experiments
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Fig. 4 The spectrogram diagram of the vibration signal
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Fig.5 The proportion of energy in each frequency

band of the acoustic emission signal
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Table 2 Characteristic parameters of eccentric fault spools at different pressures

fi 0> P BE/ mm W Tij 71/ MPa BB 1 75 R A S TR E B 1 IR ENFE 5 0THH MhE/ (mL-min™")
0.05 6.0 0. 000 442 0.010 5 19. 58
0.10 6.0 0. 000 446 0.033 2 22. 64
0.20 6.0 0. 000 889 0.033 7 29.33
0. 05 6.5 0. 000 628 0.015 8 20. 68
0.10 6.5 0. 000 522 0.038 2 23.98
0.20 6.5 0. 000 958 0.0457 35.10
0. 05 7.0 0. 000 431 0.017 4 21.89
0.10 7.0 0. 000 475 0.047 5 28. 54
0.20 7.0 0. 000 423 0.048 4 36. 81
0. 05 7.5 0. 000 431 0.023 8 21.16
0.10 7.5 0. 000 422 0.046 0 32.65
0.20 7.5 0. 000 484 0.059 3 50.72
0.05 8.0 0. 000 409 0.053 9 22.13
0.10 8.0 0. 000 459 0.107 9 35.69
0.20 8.0 0. 000 457 0.083 2 55.22
0.05 8.5 0. 000 457 0. 060 3 24.20
0.10 8.5 0. 000 490 0.116 4 50. 12
0.20 8.5 0. 000 535 0.165 4 67.96
0. 05 9.0 0. 000 457 0. 066 0 25.14
0.10 9.0 0. 000 483 0.120 1 54.36
0.20 9.0 0. 000 496 0.201 9 71.54
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Fig. 6 Flow chart of CS-SVR
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Table 3 Parameter of prediction results with

the different optimization methods

R WIS C v MSE R? A1)/ s

CS 45.5074 0.016 9 26. 570 0.998 5 2.95
PSO 14.4572  0.062 8 35.698 0.998 0 16.8
GS 2.265 8 0.574 3 512.04 0.971 3 3.12

F 4 EREE
Table 4 Model data

A EELIE ey it B b
CS-SVR 44 1.084 4
PSO-SVR 43 0.305 0
GS-SVR 42 0.167 6
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(a) Comparison of experimental data and CS-SVR model prediction data
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(b) Comparison of experimental data and PSO-SVR model prediction data
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(c) Comparison of experimental data and GS-SVR model prediction data
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Fig.7 Comparison of prediction results with the

different optimization methods
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Fig. 8 Comparison of prediction results with

the different input variables
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Table 5 Comparison of prediction data

of different input signals

TH g AZERBRIZER (il min ™) SRR/
Y T R FEERES EHES (mLemin)
1 f@4>0.05mm 17.508  32.911 19. 841 19. 581
2 HIBERE Ra3.2  19.985 33.017 21.504 19. 817
3 HBEE Ra3.2  16.515 33.421 19. 666 20.518
4  f#>0.05 mm 19.345  32.791 23.724 21. 890
5 CHIBERF Ra3.2  33.864  35.322  39.872 29.207
6 fWCr0.1mm  33.939  32.700  35.950 32. 655
7 MBS Ra6.3  43.980 35.260  41.987 36. 816
8 fWer0.2mm  40.567  33.716  34.587 40. 162
9 HIKEE Ral2.5 48.177 34.395 38. 784 44. 178
10 BERFH 60.938  33.316  54.060 53.227
11 RS 123,41 89.329  46.696 123.70
12 HhEEREE 12216 111.00  55.757 134. 30
13 EHEFBIIMG 525.58  544.08  75.068 530. 14

R6 FRMNEEHEIERILE
Table 6 Comparison of model results with

the different input variables

M AAS 1 MSE R? RN R 22
EZ0 26.57 0.998 5 8.97%
M RGHE S 259. 88 0.985 4 31. 4%
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