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Fig. 1 Diagrammatic sketch

Fig.2 Finite element
model of the shaft

of the turbine generator set system for the unit
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Tab.1 Material properties of components of

shaft system

s W%/ (kgrm ™) FAPERE L/ Pa R4
218 8900 1.15 x 10° 0.33
HoAhy 7 850 2.10 x 10° 0.30
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Fig.3 Change of the unbalanced magnetic pull with

the rotor eccentricity and excitation current
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Fig.4 Change of the unbalanced magnetic pull stiffness

with the rotor eccentricity and excitation current
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Tab.2 Effects of the unbalanced magnetic pull

on the lateral critical speeds

" % JERERL ) AN B SCHRL 1]

% WA, RS ReE M/ RS fm/
(remin~") (remin~") % (remin~") %

1 815. 69 881 8.01 963. 00 18. 06

2 1295.20 1295 0.02 1343.70 3.74

3 1 884.20 1886 0.10 1648.90  -12.49
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Tab.3 Effects of stiffness change of the upper

generator bearing on the lateral critical speeds

SHIRNIE  fRZs 1 DR 2 BRI AEEE 3 Bl A
Z¥/(Nem ™) /% /(r-min™') /(rmin~') /(r'min7")
1.0 x10° -50 668. 6 1295 1742.5
1.5 x10° -25 758.9 1295.1 1818.7
2.0x10° 0 815.7 1295.2 1884.2
2.5 x10° 25 854. 4 1295.3 1939.8
3.0x10° 50 882.3 1295.3 1987.2
3.5 x10° 75 903.3 1295.4 2027.8
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Tab.4 Effects of stiffness change of the lower generator

bearing on the lateral critical speeds
TRHRITRNIEE  fRZEs 1 ISR 2 BRI 3 Bl s
Z¥/(Nem™") %  /(rmin”') /(rmin”') /(r-min')

1.0 x10° -50 661.5 1294. 4 1797.4
1.5x10° -25 750. 6 1294.8 1841.7
2.0x10° 0 815.7 1295.2 1884.2
2.5x10° 25 865.2 1295.5 1924.3
3.0 x10° 50 904 1295.8 1962.1
3.5x10° 75 935. 1 1296. 1 1997.4
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Tab.5 Effects of stiffness change of the turbine guide
bearing on the lateral critical speeds
KFHRNIEE  fRzs/ 1 Bl 2 Bl s 3 Biis Stk s
Z¥/(Nem™') % /(r-min™")  /(rmin~') /(r-min"")

1.0 x10° -50 815. 1 964. 4 1877.2
1.5x10° -25 815.6 1146. 4 1880.2
2.0x10° 0 815.7 1295.2 1884.2
2.5x10° 25 815.7 1420.9 1889.7
3.0 x10° 50 815.8 1528.2 1897.7
3.5 x10° 75 815.8 1619.0 1910.2
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Tab.6 Range of the lateral critical speeds

1B 2 B 3B
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R (comin-) 556.2 ~ 957.8 ~ 1602.2 ~
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Fig.5 Modes of lateral vibration of the shaft system
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Abstract; With the aim to explore the influence of inlet guide vane on the cavitation performance of
centrifugal pump, the cavitation experiment on IS 150 — 125 —250 centrifugal pumps with original design
inlet guide vane has been conducted. Using the Zwart — Gerber — Belamri cavitation model, the 3D
unsteady cavitation flow in centrifugal pump flow channels has been simulated. The result shows that the
negative pre-whirl by guide vane regulation could improve the cavitation performance of centrifugal pump
in a certain angle range, and the cavitation performance was deteriorated when the angle exceeds the
certain value. The positive pre-whirl regulation deteriorated the cavitation performance of centrifugal
pump, and it become even more serious with the increasing positive pre-whirl angle. The analysis of the
vapor volume fraction distribution in impeller channels indicates that the negative pre-whirl angle reduced
the cavitation zones in impeller, and the positive pre-whirl angle expanded the cavitation zones in
impeller channels.

Key words; Centrifugal pump Inlet guide vane  Pre-whirl regulation  Cavitation performance

Experiment Numerical simulation
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3D Dynamic Characteristics of Rotor System of
Pump Storage Generator Set

Zhai Liming' Yao Ze’ Huang Qingsong’ Yan Zongguo’ Wang Zhengwei'
(1. State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China
2. Electric Power Research Institute of Guangdong Power Grid Corporation, Guangzhou 510080, China
3. China Power Complete Equipment Co. , Lid. , Beijing 100080, China)

Abstract: Analysis on shaft critical speed of pumped storage generator set is a complex problem in rotor
dynamics under the influences of mechanical, electromagnetic and hydraulic factors. A 3D finite element
model of a rotor-bearing-electromagnetic coupled system for pumped storage generator set was built in
SAMCEF ROTOR. The stiffness coefficients of unbalanced magnetic pull, the shaft critical speeds and
the modes of vibration were calculated. The effects of the stiffness change of unbalanced magnetic pull in
generator, turbine guide bearing and generator guide bearings on the critical speed were also discussed.
The results show that the unbalanced magnetic pull increases nonlinearly as the excitation current and
rotor eccentricity increase, and decreases the first order lateral critical speed. The lateral critical speed
increases with the stiffness of the guide bearings, among which the turbine guide bearing mainly affects
the second order critical speed, while the upper and lower generator guide bearing mainly influence the
first and third critical speeds.

Key words: Pump storage generator Critical speed Bearing Unbalanced magnetic pull FEM



