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Simulation of Seismic Ground Accelerations and Seismic Analysis of Flexible
Rotor-Bearing System Housed on the Rigid Base
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Abstract

The classical spectral analysis of random vibration is not applicable to the random vi-
bration of nonlinear structures or the dynamic response of active mechanical systems
whose governing equations contain random parametric and inhomogeneous excitations. If
the random load is simulated, dynamic responses can be obtained with the application of
numerical integration schemes to the governing equations of above problems. Thus, in
this paper, efficient and practical methods of simulating nonstatiopary random seismic
ground accelerations are presented by using the fast Fourier trapsform technique. Typical
applications of the simulated ground accelerations are the simulations of the dynamic
response of rotor-bearing systems under earthquake excitations. The study of accuracy is
presented to determine the applicability and practicality of methods of simulation.
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218! 4. A Finite beam elerent.
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H 1. Input data for a rotor-bearing systern.

o=T80kg/m* E=20%10°N/m? v=03

@=23000 rpm h=1m m-5000kg
1=25x%10Pkg m? L=:1.267 x 10Pkg - m? Koa=589x 10FN/m
Kw1=51x10N/m Kya= ~ 129 ‘0°N/m Ky=187x10"*N/m
Kya=6.7x 10*N/m Kie==2.16 < ‘0'N/m Kpe=—149%10°N/m

Kyyz“»" 227 % 109N,/m
Cpa= —41x107%N - sec/m
Cye= —50x 1N - sec/m

Coa=28x 075N - sec/m
Cy=L117x 10N - sec/m
Cpe= —50x107°N - sec/m

Cor= ~4.1x 10-°N - sec/m
Caa=31x 1PN - sec/m
Cye=137x 1N - sec/m

¥ 2. Parameters for the earthquake ground motions.

Envelope function ti=3sec t2=13 sec c=0.26
Power spectral w=1885rad/s £:=065 §4=1.35 X 10~ "m%/sec?
densities w=303rad/s £,=0.65 &,=370% 10~m?/sec’
@a=3048m/s £:=0865 8% =100% 10" m¥/sec?
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(a)

(c)

TRANSLATIONAL GROUND ACCELERATIONS, METER/SEC?

0 5 10 15 20 25 30
TIME, SECOND

12} 6. Simulated sample functions of translational ground
accelerations : (a) along x,-direction, X, : (b) along
ys-direction, Y. : (¢) along x.-direction : Z,.
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ROTATIONAL GROUND ACCELERATIONS, RAD /SEC?
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12 6. Simulated sample functions of rotational grpund
acoelerations : (a) about x.-axis 8y (b) about
yo-8xi8, by, ; (C) about z,-axis, fs.
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ROTOR-BEARING RELATIVE DISPLACEMENT

ALONG x-DIREGTION IN |, X 4, Mm

1%l 7. Sample functions of rotor-bearing relative dis-
placement along x-direction in bearing | : (a)
Including base rotations, (b) Excluding base ro-
tations.
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T T

r.m.s. of ROTOR-BEARING RELATIVE
0
=
I

DISPLACEMENT ALONG x-DIRECTION

IN BEARING |, X4, Lm
B
1

L ! L
10 15 20 25
TIME, SECOND

ol

112l 9. Root mean square of rotor-bearing relative dis-
placement along x-direction in bearing | : Curve
1=simulation results including base rotations ;
Curve 2=simulation results excluding base rota-
tions ; Curve 3=gpectral analysis results ;

o] Fgoll I rmsat2® olE 1gollA] FM 2
24 JEh AT, wErR 2 2t SdAFE
FAPE of Agdold PR AL g olE
g F4 328 Jepdty 28 99 1004
M4 29} FA 39 wRERE, Ayl HAAFE

— B8 —

0]
Q

ARING REACTION FORCE ALONG

x-DIRECTION IN BEARING 1, Fx1’ KN

.
i

‘ 1@ l 24 30
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ROTOR-8

18] 8. Sample functions of ?dwr-baﬁring reaction force
along x-direction in bearing | : (a) Including
base rotations, (b) Excluding base rotations.
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r.m.s. of ROTOR-BEARING REACTION FORCE
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7%l 10. Root mean square of rotor-bearing reaction
force along x-direction in bearing | : Curve 1=
simulation resultsincluding base rotations ; Curve
2=simulation results excluding base rotations ;
Curve 3=gpectral analysis results ;
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where

mi=Mass of the i* disk
(Di=Moment of inertia of the i* disk about the spin
axis
(Ipi=Moment of inertia of the i* disk about an axis
perpendicular co the spin axis and passing through
center of mass of the disk,

(501989, 9. 1)





