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Fig.1 Rotor whirling process
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Fig. 2 Instantaneous whirling angular speed diagram
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Fig.3 Holo-spectrum analysis and whirling angular velocity
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Fig. 4 Chief frequency decomposed whirling feature
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Tab.2 Total whirling feature analysis results
€T W g @ iy Wy W
1 3 662. 25 3 586. 34 11.62 5.95
2 36.53 0.25 1.20 0.03
3 590. 17 0.98 4.95 0.71
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Tab.3 Frequency decomposed whirling feature analysis results

Bl R/ He  m n e O wg, W Oy

1 5.000 302.32 84.59 0.960 23.210 0.76  2.37 0.590
10.000 154.10 35.63 0.973 127.850 0.86 2.71 0.830

15. 000 96.94 36.07 0.928 119.320 0.60 1.87 0.320

20. 000 79.53 24.95 0.949 301.330 0.69 2.17 0.470

25. 000 35.27 4,09 0.993 2132.420 1.23 3.30 1.830

2 0. 310 13.77 11.17 0.580 0.002 0.13 0.42 0.004
0. 940 54,73 22.03 0.910 0.380 0.57 1.76 0.270
5.000  560.06 408.41 0.680 1.260 0.20 0.63 0.010

15. 000 41.70 36.03 0.500 2.410 0.09 0.29 0.001

25. 000 14.86 12.28 0.560 11.410 0.12  0.38 0.003

3 1.875 18.20 13.02 0.690 0.200 0.21 0.66 0,020
5.000 275,06 197.25 0.700 1.390 0.21 0.66 0.020
10.000  140.42 25.75 0.980 182.470 0.97 3.13 1.160

20. 000 22,08 861 0.920 192.780 0.58 1.78 0.280

40. 000 22.46 10.81 0.880 448.660 0. 46 1.41 0.140
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Tab. 4 Whirl feature analysis results

Bl O W Frw Ssi
1 20. 06 173. 61 802.54 2 141.90
2 16.02 0.77 0.74 6.07
3 14.93 6.71 24.17 61.67
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Numerical Simulation of Uniaxial Compressive of Crossing

Multi-fractured Rock Mass Based on Particle Flow Code

SHU Yang',SUN Shao-rui*, SONG Zhang'
(1. China Railway Eryuan Engineering Group Co. ,Ltd. , Chengdu 610031, China;
2. School of Earth Sciences and Engineering, Hohai University, Nanjing 211100, China)

Abstract: In order to study the mechanical characteristics such as fracture mode, crack propagation characteristics,
and strength characteristics of intersecting multi-fractured rock masses in uniaxial compression tests, the particle flow
program was used to simulate the mechanical characteristics of intersecting multi-fractured rock masses in uniaxial com-
pression tests. The impact of the angle between intersecting cracks on the strength characteristics, failure mode, microc-
rack development and evolution law of multi-fractured samples during uniaxial compression was analyzed. The experi-
mental results show that the failure strength of the cross multi-crack specimen exhibits a slow bottom "U" shaped charac-
teristic with the increase of crack angle; The failure mode of intersecting multi-crack specimens is mainly tensile shear
failure, with some specimens exhibiting shear failure; The failure process of intersecting multi-crack specimens first in-
volves the generation and intersection of cracks between the tips inside the cracks, followed by the generation of cracks at
the outer tips of the cracks and their transmission parallel to the loading direction to both ends of the rock mass, ultimate-
ly leading to macroscopic failure of the rock mass. The results of this study contribute to the understanding of the me-
chanical mechanism of cross fissured rock masses in compression failure, and are a supplement to the research on the me-
chanical properties of cross fissured rock masses.

Key words: rock mass; crossing multi-fractured; uniaxial compressive; macro and micro characteristics; particle
flow code
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Instantaneous Whirling Feature Extraction and Stability Assessment

of Hydropower Unit Shaft Vibration

JI Lian-tao' , WANG Pu’,JING Xiu-yan®,LI Ze* , HE Hong-xiang®, LI Chao-shun’
(1. China Electric Power Research Institute,Beijing 100192,China; 2. State Grid Corporation of China, Beijing 100031, China;

3. School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: To effectively judge the vibrational stationary state of hydropower units, the whirling characteristics of the
rotor vibration and the evaluation method of stability of shaft vibration were studied. The theoretical expression of instan-
taneous whirling velocity was derived, and the characteristic parameters of whirling velocity were analyzed. A holographic
whirling velocity analysis method for shaft vibration was proposed. The whirling characteristics indicators and vibration
stability evaluation index of shaft vibration were established. Finally, the theory of this paper was applied to the shaft vi-
bration data analysis of Zhejiang Xianju pumped storage power station. The key characteristic indicators of vibration were
extracted and the shafting stationary was evaluated. The results show that the established characteristic indicators have
good performance in evaluating the stationary of shaft vibration, and have broad application prospects for the monitoring
and performance evaluation of actual hydropower units.

Key words: hydroelectric units; feature extraction; whirling velocity; holo-whirling; vibration stationary





