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Vibration of Translation-Inclination Coupled System Under the
Periodic Base Motion
(Auto-parametric Resonance, and Influences of Height of Center of
Mass, Imbalance of Mass and Difference of Stiffness)

Tsuyoshi INOUE*®, Yukio ISHIDA and Shintarou YAMADA

** Department of Mechanical Science and Engineering, Nagoya University,
Furo-cho, Chikusa ku, Nagoya-shi, Aichi, 464-8603 Japan

The vibration characteristics of the translation motion and inclination motion coupled systems,
which is the dynamical models of train, vehicle, and so on, are studied. The nonlinear vibration of
such a system subjects to the base periodic displacement is investigated by numerical simulation and
theoretical analysis. The occurrence of the auto-parametric resonance at the resonance point of the
translational motion is observed when the ratio between the natural frequencies of the inclinational
motion and the translational motion is close to 1:2. Also. the occurrence of an almost periodic
motion is observed when this ratio is slightly different from 1: 2. The occurrence regions of the auto
parametric resonance and the almost periodic motion are discussed. Besides, the influences of
discrepancies of the center of mass which produce slight linear coupling terms between the trans-
lational motion and the inclinational motion are investigated. Furthermore, these theoretical results
are confirmed by the experiment.
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Fig. 2 Case with Ak, = Akyg = e = 0,/ = 0.2m
(auto-parametric system with 1:2 natural
frequency ratio)
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Fig. 3 The Influence of center of mass on the auto-

parametric resonance
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(b) Vibration z and 8 at w = 11.63 Hz

Fig. 11 Case with e=0.045m, k;=kz, {=0.21m; al-
most auto-parametric system; Experiment

N1:2 THIBEEITEA— T A M vk
L7 0, ETREOMREFHIICEVDTHEE RE)
I 1/2w AT RRED A— b 35 A R Y v 7 LR
RAETDH. FOXRRSEIMRANT L, BHERD
FHRPHI L EDA— ST A Y v 7 RO
RAGBEEHOMNITLE.

2. Wi - FXERAROXFTROBMECRELE
BEINT 3 LRGERNE LS. TOBELER
RENEEAS 1 2 IOEH S RENC 1/2w R
SOFHRRKELS BETEA— T A M) w7
EIENRAETHZ EERERL, TOEREMITIC
IoEHELMT L.

3. XBIThORMERCRELEYH H/NSWEEEO
BAITRBWT, A— T2 MY v 7 RPITHE

AEESRAET S L ERRL, TOEKEME
WiIZL VLM L.

4, BERBBLO 1:2 00T NEA— AT A
Yy ZBOREDHEE T, IREEHDOIRE)
Bz W TRATH Z LM L. £,
1:2 bbb el & CBRARESH IR
ELBVWZ EHLALMNIT L.

X [

(1) Yabuno,H., et al., Bouncing and Pitching Oscil-
lations of a Magnetically Levitated Body due to
the Guideway Roughness, Journal of the Japan So-
ciety of Mechanical Engineers, Series C, Vol.54,
No.508(1988), 2850-2857

(2) Yoshizawa,M., et al., Nonlinear Oscillation of
a Magnetically Levitated Body, Journal of the
Japan Society of Mechanical Engineers, Series C,
Vol.57,N0.540(1991), 2518-2523

(3) Yoshizawa,M., et al., Nonlinear Oscillation of
a Magnetically Levitated Body(Unsteady Bounc-
ing and Pitching Oscillations), Journal of the
Japan Society of Mechanical Engineers, Series C,
Vol.59,N0.562(1993), 1626-1632

(4) Tondl,A., et al., Autoparametric Systems with Pen-
dula, Wave Motion, Inteligent Structures and Non-
linear Mechanics, 226-238,(1995), World Scientific

(5) Hatwal,H., et al., Forced Nonlinear Oscillations of
an Autoparametric System, Trans. of ASME, J. of
Applied Mech. , Vol.50(1983),657-662

(6) Ikeda,T., and Murakami,S., Autoparametric Reso-
nance in a structure/fluid interaction system carry-
ing a cylindrical liquid tank, J. of Sound and Vib.,
Vol.285(2005), 517-546

(7) Haxton,R.S., and Bar,A.D.S., The Autoparametric
Vibration Absorber, ASME J. of Eng. for Industry,
Vol.94,(1972), 119-125

(8) YabunoH., et al, Stabilization of 1/3-Order
Subharmonic Resonance Using an Autoparametric
Vibration Absorber, Trans. of ASME, J. of Vib. and
Acoust., Vol.121(1999), 309-315

(9) Vyas,A., and Bajaj,A. K., Dynamics of Autopara-
metric Vibration Absorbers Using Multiple Pendu-
lums, J. of Sound and Vib., Vol.246-1(2001), 115-135

(10) Cuvalci,O., et al., Non-linear Vibration Absorber
for a System Under Sinusoidal and Random
Excitation: Experiments, J. of Sound and Vib.,
Vol.249-4(2002), 701-718

(11) Queini,S., et al., Analysis and Application of a
Nonlinear Vibration Absorber, J. of Vib. and Cont.,
Vol.6(2000), 999-1016

(12) Stoker,J.J., Nonlinear Vibrations in Mechanical
and Electrical Systems, JOHN WILEY&SONS,
INC.,(1950)

(13) Ishida,Y., and Inoue,T., Internal Resonance of the
Jeffcott Rotor: Critical Speed of Twice the Major
Critical Speed, Journal of the Japan Society of Me-
chanical Engineers, Series C, Vol.63,No.606(1997),
312-327

NI | -El ectronic Library Service



