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Schematic Diagram of the Layout of the Water Diversion and Tailrace Pipeline System for Two

Turbines Sharing the Same Pipeline
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Tab. 1 Pipeline parameters of the water conveyance and power generation system of a pumped storage power
station

EBI Y K /m HEE/m e BB KJ%/m HEEE/m Hiti 2
1 115.270 9.206 0.014 17 30.000 2.997 0.014
2 175.308 6.968 0.012 18 19.500 2.800 0.012
3 104.050 6.240 0.012 19 12.234 2.624 0.012
4 46.5238 6.200 0.012 20 16.700 3.894 0.012
5 249.365 6.191 0.012 21 93.470 6.200 0.012
6 46.523 5.800 0.012 22 35.799 6.200 0.014
7 155.200 5.800 0.012 23 47.270 6.436 0.014
8 41.175 4.000 0.012 24 40.000 8.400 0.014
9 30.000 2.997 0.012 25 366.340 8.400 0.014
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ERT KEm  HEEFm Hiti HB T K& /m M EHf/m g
10 19.500 2.800 0.012 26 41.487 8.400 0.014
11 12.234 2.606 0.012 27 21.390 8.400 0.014
12 16.700 3.894 0.012 28 41.887 8.400 0.014
13 93.474 6.200 0.012 29 54.000 8.110 0.014
14 38.347 6.200 0.014 30 18.500 7.630 0.014
15 28.000 7.593 0.014 31 71.000 9.553 0.014
16 32.171 4.000 0.014

=2 ®HI1H, AEESH
Tab. 2 Parameters of Gate Shafts and Surge Chambers
ZHK I H A
1K Sk 5 Mﬁﬁﬁﬁm2 16.56
FEIE AR /m? 51.11
Rkt 9 Mﬁﬁﬁﬁm2 16.55
FJ T AR /m? 42.62
EEE K /m 71.3
KRR EEE HA/m 5
KIHAZ/m 15
=3 KEREEEIEASH
Tab. 3 Parameters of the pump-turbine
P . IKEEHL LA : KT _
e HfE 2R i
A HAZ Di/m 4.81 Hi5E K Sk /m 326 /N E/(m/s) 93.1
A HAZ Dy/m 2.8 BT LR/ (ms) 105.8 B/NAFERR Y% 91
HiE 3 n,/(r/min) 333.3 HIUE 71/ MW 306 IKE RN TI/MW 314
MU E GD? /(kgm?)  9*10° HIE B % 90.5

3 RGKITRBNAFES T

3.1 kA H RS BBRRNFHE S

G 1 Pk & i 2R Gu e e KB T
(B IS & KAL, Rl —7K J1 e e LA R4 e
Kk, BUEERTIEIT; H~628 m, H~285.8m)
ANz /K Tol CEWFIER &K AL, FiFAEK

KL, [J—7K 15T G HUTE B N FE T HliKig 17
H,=287 m, H/~598 m) Z/THJF & RG M H Hik
HTHE, LA AT RG M SIEERHE DL A s 4T R e T
MR (12), THE T B 24K & B sk
K RGHE LIS 1T K F1-HU R G 1) B AR
(H HRIIEFI R T . R IE 4,

x4 WOKRERGBBRRSIERMRBE T

Tab. 4 The free vibration frequencies and damping factors of the water conveyance and power generation

system
G & Casel: i€ K THEHZ FZaseZ: /N E AR
IR T H HIRBIZ /(rad/s) EI T H HIRBIIZ /(rad/s)
1 -0.005 4 0.069 1 -0.005 3 0.069 2
2 -0.006 9 0.149 6 -0.007 7 0.1549
3 -0.005 0 03411 -0.004 5 0.3358
4 -0.3472 3.654 1 -0.236 5 3.7256
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.y Casel: A€ K H LI HNE Case2: f/NMAFEHIKE S
TR T H HHRENIE /(rad/s) IR T H HRENIE  /(rad/s)

5 -0.029 2 5.2520 -0.022 8 5.242 1

6 -0.017 8 6.946 4 -0.023 2 6.996 6

7 -0.359 5 8.8113 -0.260 3 8.968 5

8 -0.111 4 10.539 1 -0.043 1 10.644 2

9 -0.1225 10.959 9 -0.097 9 10.974 4

10 -0.214 2 13.509 1 -0.155 6 13.5652

11 -0.013 2 16.006 6 -0.011 8 15.969 2

12 -0.104 0 17.314 4 -0.072 7 17.503 7

13 -0.0103 19.323 4 -0.012 1 19.352'5

14 -0.1619 20.445 3 -0.108 2 20.4579

15 -0.0152 22.193 4 -0.014 2 22.1322

16 -0.198 5 23.907 4 -0.141 4 239325

17 -0.0113 25.938 6 -0.0100 25.8529

18 -0.049 9 28.0211 -0.066 9 28.0752

19 -0.020 4 29.618 8 -0.016 6 29.609 9

20 -0.1109 31.3858 -0.077 8 31.5118

21 -0.082 3 33.494 6 -0.060 0 334861

22 -0.120 1 34.6199 -0.087 3 346183

23 -0.089 7 36.777 2 -0.0799 36.803 2

24 -0.136 5 38.6189 -0.097 3 38.654 6
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Tab. 5 The free vibration frequencies and damping factors when the wave speed of the water conveyance and

power generation system increases by 10%

Case3: KHJT ), THEEIE R 10%KZIAE  Cased: Hil/KT71A], THEBEIE K 10%0) Z A%

N R
ek ey AR Gads) | TORAT A R rads)

1 -0.0054 0.069 1 -0.005 3 0.069 2

2 -0.006 9 0.149 6 -0.007 7 0.1549

3 -0.0050 0.341 2 -0.004 5 0.3358

4 -0.346 8 4.0302 -0.236 3 4.102 6

5 -0.029 5 57779 -0.0229 5.766 4

6 -0.0179 7.641 0 -0.023 2 7.696 1

7 -0.3576 9.695 5 -0.2597 9.866 9

8 -0.110 6 11.594 8 -0.043 0 11.708 4

9 -0.124 4 12.060 2 -0.098 4 12.074 1

10 -0.2149 14.867 2 -0.155 8 14.924 9

11 -0.0132 17.607 3 -0.0118 17.566 2

12 -0.104 1 19.047 9 -0.0727 19.254 9

13 -0.0103 21.2558 -0.0121 21.2877

14 -0.1619 22492 4 -0.108 2 22.504 8

15 -0.0152 244129 -0.0142 243454

16 -0.198 6 26.3019 -0.141 4 26.3274

17 -0.0113 28.5324 -0.0100 28.438 2

18 -0.0503 30.8232 -0.067 5 30.8857

19 -0.0204 32.5805 -0.077 8 34.663 3

20 -0.111 0 345252 -0.016 6 32.570 8

21 -0.0839 36.839 1 -0.060 5 36.8323

22 -0.1209 38.0811 -0.087 6 38.079 6
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Fig. 7 Comparison of complex frequencies when
the wave speed in the power generation direction
increases by 10%
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Fig. 8 Water level fluctuation of surge tank and gate
shaft during load rejection in power generation
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Tab. 6 Comparison of the water level fluctuation periods of surge tanks and gate shafts

AFITHEEABIM AR 5K R K FEAKAAE T
g A ATHE A T/s 36.103 88.371 14.411
FHIEZETHE A To/s 36.560 89.209 14.442
H RS E A Ts/s 42.000 90.929 18.420
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Study on the Hydraulic Vibration Characteristics of the Water Conveyance and

Power Generation System in Pumped-storage Power Stations

ZHU Mengjun', DUAN Zhijun', MAO Yutong?, ZHOU Jianxu?>, WANG Feng!, MA Jia!, WEI

Hongwei!

(1.China Railway Siyuan Survey and Design Group Co.,Ltd.,Wuhan 430063,China;
2.College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098)

Abstract: [ Objective ] The operating conditions of Pumped Storage Power Stations(PSPS) change frequently, and the flow
state inside their water conveyance and power generation systems is often in a disorderly and complex state, which may
induce unstable oscillations in the system. Research on the hydraulic vibration characteristics of the system aims to clarify
its frequency response and mode shape properties, thereby providing a basis for ensuring the safe and stable operation of
the system. [Methods]) Based on the theory of hydraulic vibration, a hydraulic vibration analysis model for a system with
two turbines sharing the same upstream and downstream pipeline and equipped with a tailrace surge tank was established
using the transfer matrix method. Through free vibration analysis, the complex frequencies and vibration modes of each
order of the system were solved, and the vibration characteristics were analyzed specifically to evaluate the stability of the
system. [Results JOThe results show that in both power generation and pumping conditions, all the damping factors of the
complex frequencies are between -0.359 5 and -0.004 5, indicating that each order of free vibration shows a damping
characteristic. The system is stable and has no risk of self-excited vibration. @Moreover, the frequencies of each order of
free vibration are mainly determined by the layout and pipeline parameters of the system and are not related to the
operating conditions. Variations in operating conditions solely influence the magnitude of the damping factors. The first
three orders of free vibration frequencies correspond to the water level fluctuation periods of the tailrace surge tank, the
upstream accident gate shaft, and the tailrace maintenance gate shaft, respectively. The higher-order free vibration
frequencies are dominated by the elasticity of the water and are shifted by the wave speed of the pipeline, and the shift
increasing with the order. (@ The pressure oscillation amplitudes of the 6th and 11th orders in the power generation
direction and the 6th, 7th, and 10th orders in the pumping direction are relatively large, the values are 7.638, 8.134, and
16.510, 18.300, 30.671 m, respectively, and the disturbances of the related frequencies need to be controlled carefully. @
Under the same perturbation of equivalent magnitudes, the amplitude of pressure oscillations in the pumping mode is
significantly greater than that in the power generation conditions, thereby requiring more attention to operational safety
during pumping operations. [ Conclusion ] The study of the hydraulic vibration characteristics of a PSPS reveals the
frequency domain properties and mode shape features of the water conveyance and power generation systems. These
findings facilitate stability analysis and the identification of dangerous frequency sources, providing critical technical
support for the safe and stable operation of the power station.

Keywords: pumped-storage power station, two units sharing the same upstream and downstream pipelines, hydraulic

vibration, transfer matrix method, stability analysis
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