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Vibration Analysis of Rotating Structures Employing Multi-Reference Frames

AT QI R B 5%
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ABSTRACT

In this paper, a modeling method for the vibration analysis of rotating structures employing multi-reference frames is presented.
The geometric stiffening effect that results from centrifugal inertia force is considered. In most previous studies single reference
frame has been employed for the analysis. In the present study, a modeling method employing multi-reference frames is presented,
and the effects of employing multi-reference frames on the analysis accuracy are investigated through solving numerical examples.
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Fig. 1 Configuration of a structure undergoing rigid
body motion and elastic deformation
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Fig. 2 Configuration of rotating multi-beam

Table 1 Properties of the beam
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Fig. 3 Comparison of horizontal displacement at free
end (B =-90°)
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Fig. 4 Comparison of vertical displacement at free
end ( § =-90°)
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Fig. 5 Lowest three natural Frequency variations
versus angular velocity ( 8 =0°)
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versus angular velocity ( g =-90°)

4 & &

B dFeAe 7€ Zdd e 9deEs
SEE7] flote] E3e A4S M B FxRES
ZAEF 99 Y ads 18 £ Qe
0E 71EES AL 2a¥y e AAsgd
9 7IEESH gF@2 M NEEES AT 3
BEAH vl g F3 7IEE AdAo] A
Ao R GFE FABIRCH 1 A3 12

Axgel YRS JASE FHE4E oF
NEES Mgt WHol wd NEES AEE
ool vl o 38 AFHH AnE vehde
FHetdch w9 A" 2aY wHe 4eze
a9 AgEE g1 F2EE A% 1% A4
AHRTE Y4 AR RS AFY 5 Avke

AAE BolZgch

% 7]
of AT dRFEAY AF deden A3
M7 A71% ATAES ATH Afdow £

AFUT

o2

b

Ho
rot

(1) Ho, J., 1977, Direct Path Method for Flexible
Multibody Spacecraft Dynamics, Journal of Spacecraft and
Rockets, Vol. 14, pp. 102~110.

(2) Christensen, E., and Lee, S., 1986, Nonlinear Finite
Element Modeling of the Dynamics of Unrestrained Flexible
Structures, Computer and Structures, 23, pp. 819~829.

(3) Kane, T, Ryan, R., and Banerjee, A., 1987, Dynamics
of Cantilever Beam Attached to a Moving Base, Journal of
Guidance, Control, and Dynamics, 10, pp. 139~151.

(4) Yoo, H., Ryan, R., Scott, R., 1995, Dynamics of
Flexible Beams Undergoing Overall Motions, Journal of Sound
and Vibration, 181(2), pp.261~278

(5) Ahmed A., Shabana, 1986, Dynamics of Inertia Variant
Flexible Systems Using Experimentally Identified Parameters,
Journal of Mechanism, Transmissions, and Automation in
Design, Vol. 108, pp. 358~366.

(6) A., Shabana, R.A., Wehage, 1982, Variable Degree of
Freedom Component Mode Analysis of Inertia Variant Flexible
Mechanical Systems, Journal of Mechanical Design, No. 82-
DET-93, pp. 1~8.

(7) Eung-Min Park, Hong-Hee Yoo, 1997, Dynamic
Analysis of Multi-Beam Structures Considering Stiffening
Effects Induced By Large Overall Rigid Body Motion, Korean
Society for Aeronautical and Space Science, Vol. 26, No.2, pp.
40~46.

(8) Ahmed A., Shabana, 1988, Dynamics of Multibody
Systems, John Wiley & Sons.

(9) L., Meirovitch, 1967, Analytical method in vibration,
Macmillan Company.

(10) Dong Hwan Chot, Jung Hun Park, and Hong Hee Yoo,
2003, Modal Analysis of Constrained Multibody Systems
Undergoing Rotational Motion, Journal of Sound and Vibration,

- 819—



