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Abstract; The forces acting on a hydro-turbine generator set shaft system were briefly analyzed, inclu-
ding the nonlinear oil film force in the guide bearings, mechanical unbalanced forces on the rotor and
runner, the unbalanced magnetic force on the rotor, and the hydraulic imbalance force on the runner.
Then a nonlinear dynamic model for the shaft system was established, and the stochastic hydraulic
excitation in the model was simulated with a zero mean, identically independent distributed (i. 1. d. )
signal, and its magnitude was changed by adjusting the random variance. The responses of the key
parts (rotor, runner and guide bearings) namely amplitude-time history curves, trajectory, amplitude
spectra and Poincare diagram and bifurcation patterns, were obtained by solving the dynamic model

equations. The results show that the stochastic hydraulic excitation on the runner has small influences
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on the upper guide bearing and the generator rotor; has certain influence on the lower guide bearing;

has great influence on turbine guide bearing and runner. The lateral throws at the turbine guide bearing

and runner become obviously bifurcated as the stochastic hydraulic excitation increases. The excitation

has strong influence on the vibration mode and stability of the shaft system.
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Tab.1 Forces acting on different parts of shaft system

B35 44 B R REIR D

S WS RTEH BRH (L)
T Lo v

2 BT v Y

3 Al v

4 TR Al v

s kbl v y

1) 3 SR IRt B ) oK &8 & B LA
BhAR b SRl R CR AT ADILETTA Jif 5@ g 3F 53 24
2P R e R 2 9L L T A, 0T 1A
By B 7 #E. 2k B3, AT DU BIAE —
JE R AR R < R S B 2 2R T
LB A AR

2) RHLEE T EAER D) Kbl ¥ BAER )
A WU 3 AR LAV B RGBT i oL
PEAETE , R AL T2 7 A BN P g, 3% ) %
B AE

FEABRME T e TT N Fourier 2885, AT LI M = AH
(i) 25 S HLBIL o R X o 79 | A2 1 AS S A iz )
T 2k

3) JKEHLFR AR ) KA PLEL B B RYAL
WA 3 AT TR 5 e s AL AR TR, (E A T e e
& B RYKAE R )l LB AR PIER 3 < K B A1 )
HMBEPLK 3B KAFE I F, 5, F, s 3=
%[3] ,EI]

F,.s=kx,

{FW,yS :kwy’ (1>

A ok, KB 2852,y D R AL 5 A — 1Y
BB LA O [ 5 7.

AKEEHL TR 22 i AR S, HA B A Bl
HLEEE ™, B] BT 1) 2 R ALK 103, 13
SETRA T T4 R R 1) (X, Y ) 2304 AN [F)
HIRERILIEE , SCRERLK TR F, d T F, d 278
fifi ] Matlab w4 iy 4> rand (2, length ) , 7] LA73 S
FEA length (1) 2 2HEEHLEL, B]

F...=rand(2,length) , (2)
HAEATL0, 1] ARG R HAS I R B 0 JF 22 0 1

1399 |0



I oo | T T T

BRSZIR A (. i do ) BBERLEUR A1, 100 F, o (n) A
Fya(n) yn=1,2 - length A1 BEHLK T34} it
INF KRR FE R .

T ISR BN 3303 9 N, o3 A il AR
2l J 30 7 B K T3 R/ NE AR I B0, SCHR R T
REAILK 198003 75 22 9 K /0 RS BEHIL IRl 9 R/ i
BN BF g (n) TN BE, 0 (n) , Forh B A7 BA T,
B p=1:1:10.

2 HAEMRNEEHTE

FAREE K LA R LS R LA 1. A
JE 2R A A1 5 IR 20 0Bl 1] 4R B0, 0T RS R
S WA S DA 3 A RIR R SR b TR
GRR my my ey s B B Y A SR v R )
Eibs) m,,ms; 4 A S Tl B ) K R 4 0 L, L,
Ly, 1.

7 1 LSk
2 RAHUEF

7 3 T

7 4 KK

BT OKEE A AL i R AR
Fig. 1 Model of shaft system in hydro-turbine generating set
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Fig.2 Lateral response X; at lower guide bearing (random excitation)
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Fig.3 Lateral response X, at turbine guide bearing ( random excitation)
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Fig.4 Lateral response X5 at runner (random excitation )
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Fig.5 Bifurcation of response X, and X; in terms of load factor (random excitation)
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