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Flow chart of forecast model
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Fig. 2 Original vibration waveform
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Tab.1 The central frequencies of each IMFs

s

S K LD

108.428 66.707 34.049 21.820 3.852

164,397 115.405  79.663 34.949 21.828  3.859

171.618129.576  96.523 63.191 33.540 21.788  3.830

182,353 133.418 100.530 73.559 55.042 32.942 21.777  3.807
175.096 131,981 100.923 74.878 56,842 36.059 29.753 21.754 3.722
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Tab.2 The distortion levels of variational mode decomposition
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75 EX R puse Myiae
1 K=6,a=800,7=0.5 0.518 0. 405
2 K=7,a=800,z=0.5 0.679 0.540
3 K=8,a=800,r=0.5 0. 389 0. 308
4 K=9,a=800,r=0.5 0.774 0.623
5 K=10,a=800,z=0.5 0.996 0.796
6 K=8,a=600,7=0.5 0. 365 0. 289
7 K=8,a=700,r=0.5 0. 486 0.382
8 K=8,a=800,7=0.5 0.388 0.308
9 K=8,a=900,7=0.5 0. 300 0.242
10 K=8,a=1000,7=0.5 1.378 1.115
11 K=8,a=900,7=0.3 0.709 0.555
12 K=8,a=900,7=0.4 0.623 0.494
13 K=8,a=900,z=0.5 0. 300 0.242
14 K=8,a=900,r=0.6 0.659 0.525
15 K=8,a=900,r=0.7 0.525 0.411
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Fig.3 Variational mode decomposition
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Tab.3 The power spectral entropy and permutation
entropy of IMFs

IMF 43 X IMF 43
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1 LO000CH, ) 0.962(H, )] 5
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Tab.4 The result of IMFs clustering
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Fig. 4 The result of IMFs clustering
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Tab.5 Comparison of different forecast model

T A R pmise M yiae FEM /s HEH/ 2
VMD-TCN 1.114 0.892 16. 24 49. 4
VMD-CIMFs-TCN  1.529 1.108 8.21
VMD-ELM 4.191 3,447 1. 54 53.9
VMD-CIMFs-ELM  5.553 4. 415 0.71
VMD-BP 2.132 1. 787 6.13 46.5
VMD-CIMFs-BP 3.201 2.490 3.28
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Prediction of Vibration Trend of Hydroelectric Unit Based on VMD-CIMFs-TCN
CHEN Tian-ya', CHEN Sheng', ZHENG Yang', WANG Wei-yu*, CHEN Qi-juan'
(1. School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China;
2. Wuling Power Corporation Ltd. » Changsha 410004, China)

Abstract: Aiming at the nonlinearity and non-stationary of vibration signals of hydropower units and the timeliness of
prediction, this paper proposed a vibration prediction model of hydropower units based on VMD-CIMFs-TCN. Firstly,
the VMD algorithm was used to decompose the vibration signal to obtain the IMFs component with the minimum signal
distortion, which realizes the accurate decomposition of the vibration signal. Secondly, by calculating the power spectrum
entropy and the permutation entropy of each IMF component, the aggregation of the IMF components was realized to re-
duce the computational load of the prediction model. Finally, the TCN network was used to realize the accurate prediction
of CIMFs, and the final vibration signal prediction results were obtained by adding them. The analysis shows that this
method shortens the time required for prediction on the premise of ensuring the prediction accuracy, and meets the timeli-
ness of the prediction model.

Key words: vibration signal; IMFs clustering; VMD; TCN; trend forecasting
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Analysis and Treatment of Miloperation Fault for Turbine Segmented Shutdown Device
LI Ya-ge', DU Rui-tao' ,» ZHAO Wei-jun®, LAO Peng-fei’
(1. Dongfang Electric Group International Cooperation Co. » L.td. , Chengdu 611730, China;
2. Wuhan Sanlian Hydropower Control Equipment Co. , Ltd. , Wuhan 430200, China)

Abstract: To analyze the causes of turbine segmented shutdown device miloperation for a hydropower station in Cen-
tral Asia, the structure of mechanical hydraulic control system of governor and its principle were described, and oil line of
mechanical hydraulic control system was analyzed. It found that after the operation of the emergency pressure distribution
valve, the pressure oil velocity in pipe was too fast, so the pressure of the control chamber of the segment closing device
was reduced and the hydro-generator speed was too high because of the long closing time of the servomotor. The oil in-
take port of the control pressure oil of the stage closing device can be moved from the main pressure oil supply pipe of the
emergency pressure distribution valve to the energy storage tank of the governor system. The feasibility of the scheme
was verified by test.

Key words: mechanical hydraulic system; governor; step-closure device; accident distributing valve; maloperation
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Flow Pattern Analysis and Improvement Measures of

Forebay of Taihuzhuangyuan Lock Station
YE Shuai
(Wuxi Municipal Design and Research Institute Co. . Ltd. » Wuxi 214072, China)

Abstract: In order to explore the cause of the flow pattern problem in the forebay of the pumping station at the diver-
sion operating condition in Taihuzhuangyuan in Changzhou City, and find the corresponding solution, the three-dimen-
sional turbulent numerical simulation method was used to calculate the inlet flow pattern after the prototype of the lock
station and the addition of the diversion pier. By analyzing the flow uniformity and weighted average angle of the inlet sec-
tion in each case, it can be concluded that the flow pattern of the forepbay is mainly caused by the large diffusion angle.
The longer a single diversion pier is added to the forebay, the better the rectification effect will be. Compared with the
single pier, the combined pier can weaken the recirculation region more and improve the inlet flow pattern. The research
results can provide reference for engineering practice.

Key words: forebay; large diffusion angle; flow pattern; diversion pier; numerical simulation





