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The development of fiber-reinforced polymer composites has rapidly advanced as engi-
neering structural materials, and the laminated composite structural components using such
fibrous composites are extensively used in the aerospace, civil, automobile industries and
other fields of engineering. In addition to their excellent specific stiffness and strength prop-
erties, they have high potentials in the vibration suppression by using the optimal design
methods and passive/active control methods.

The present dissertation deals with vibration suppression problems of laminated composite
flat rectangular plates and shallow cylindrical shells of rectangular planform. The structures
in the study include laminated plates with interleaf viscoelastic layers and sandwich plates
with soft sandwich cores. An optimal design using a layerwise optimization method and new
control methods are applied.

The dissertation is composed of six chapters as follows. Chapter 1 states research background
and introduction, and the motivation and outline of the present research are explained.

In Chapter 2, an analytical method is presented to study the active vibration control of
plates treated with active constrained layer damping (ACLD). The analytical method is based
on the conventional theory of structural dynamics, and Hamilton principle with the Ritz
method is used to derive the equation of motion of the plate/ACLD system. By applying an
appropriate external control voltage to activate the piezoelectric constraining layer, a nega-
tive velocity feedback control strategy is employed to obtain the active damping and effective
vibration control. From the numerical results, it is seen that the damping performances of
the plate can be significantly improved by the ACLD treatment. With the increase of the
control gain, the active damping characteristics are also increased. By equally dividing a sin-
gle ACLD patch into two and properly distributing them on the plate, one can obtain better
results than for the plate with a single ACLD patch.

In Chapter 3, an active vibration control of laminated cylindrical panels with arbitrary edge
condition is investigated using piezoelectric fiber reinforced composite (PFRC) material. The
boundary conditions considered are free edge, simply supported edge and clamped edge. By

adopting a velocity feedback control strategy, the transient response of cylindrical panels can
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be suppressed efficiently and the relationship between the control gain and active damping
ratio is investigated. The active damping ratio curves are numerically calculated, and from
the simulation results, it is found that the piezoelectric fiber orientation of the PFRC patches
plays an important role in the vibration suppression capability.

In Chapter 4, the analysis and optimal design for the damping loss factor of laminated
plates under general edge conditions are considered. In the analysis based on the classical
lamination theory, the loss factor is derived from the energy formulation for symmetrically
laminated thin plates comprised of fiber reinforced layers and viscoelastic layers. The effects
of location and thickness of viscoelastic layers are studied on the loss factor of the plates, and
those of the fiber orientation angles are also clarified. In the optimal lay-up design problem,
a layerwise optimization (LO) method is applied to the plates comprised of two different
orthotropic materials, and the optimal fiber orientation angles are determined to obtain the
maximum loss factor in the fundamental mode. The numerical simulations uncover that the
present approach is quite useful in analyzing and designing the loss factor of the plates.

In Chapter 5, an optimal design is presented to maximize the fundamental damping loss
factor of sandwich rectangle plates with general boundary conditions. With extensive de-
velopment of the classical laminate theory and energy method, the loss factor of sandwich
laminate with a thin viscoelastic core is derived. For sandwich-laminated plates, the effect
of fiber orientation of the orthotropic layer on the loss factor is studied. In the numerical
examples, the effects of aspect ratios of sandwich laminates on optimal fundamental loss fac-
tors are investigated. The maximum fundamental loss factor and optimal fiber orientation are
obtained for different sandwich laminates with the aspect ratio as a variable.

In Chapter 6, a number of concluding remarks obtained throughout the research is sum-

marized, and some comments are made for potentials in extending the research.
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Optimal Design for Vibration Suppression of Laminated
Composite Plates
(FRBE A BHR O IRENIPHIC BE 9 5 B ED)

st T N BT FROEEHEIZ, FRP #% (Fiber Reinforced Plastics) & Fi& h, TEiSE
MHEUTRFICRB UK. LI, ZOME (53 )) 2EBER T AR U RBEESMERE, Wi
% BEH, TARAGEDTRECBWTBRLL FHAETNS X5k TS, TOMEIIE W EERIME &
HaErBNIFRELE LTROW, MATRBEILFERT 77« 713y Y THIBEEOBHICK D,
BEREHEASKENHT AT L REL 5. T ORI, MZE#L COBREEICHE VT, IREIDE
BICEEAREPRO B UEFDFERL AR ML TENICEDLHTEETHS.

AR T, BEEEMEDL S EAEFIRE ZhicED BRI Mb - REAE/ XV (R
P 1)) OIREIRKOEN &, Hif & Bfibic X 3 IREMHAERO KRS . L AR TR EE
WiciE, BEOE#BME—A MRS I - 288 LIRBEUSC, RSB EE BRBA A TR
BEEME LEREDY 7 a7 BHBAAEY Y ¥ Ay FHEBHE 28D 5. 8ETIE, FhEh
DREBESHEEDRBIMATEZIRRT 5 L Hic, FnEHEREERFOHEY -V E LTHNY
5. FRAEORE TIEEE 7 « — B3y ZHIEE, BEOREE T BRIRSELEZERT 5.

ARSI 6 ETHRREINTVS. B 1 ETE, AMRERTIHICE-> - THENLERE, A#K
XOBERFEAL -

E2ETIR, 7 U7« THREEE (ACLD: Active Constrained Layer Damping) 2 & 9 5 &K

DT YT 4 TREHIEIC OV THIZE L. REIFTIC I, T ORBIRICHBERIC L3 T INF—R
EZHEALUT, NIV VEEE Y v RKIC K D BER/ACLD #8ROXEAE M. Thic
CXVHRREICEY A NREEEZMX, BE T« — Ry JEEEERALT, 7757« THRED
RENHEEERH L - BHEKRD S, ACLD BOFIEIC K D, REFRSEONRALBENRNED
n, AT 1 OB SBOEHIERENMES i T5IC ACLD v FRESEBOEEHEILT
gEaC itk b, —HD ACLD Ic X W BENZBEL b BVHIEARIEO M.

B3BETE, MEVERERFOHKR OSFIV IS, F2ELARBICETVETF Ny FEEO T
REHE SV RRORBIFRNT & FlE2 % - 7o, HERFGI B0, BHiXE, BEL0FEROEEYE
EERLTWS. BE2EOFERIELT, EE 7 +— KNy JFRICK D, HilROB®EES 2%,
elicay ba—r 4 > L EEBREELLOBREIS M U, BEEI T, SEEMEEHig»
FELT, ZOEEL L, BREENOBER N A EMRBRESEOBEFEICKEEEBEEZI ST
LEBELMCLTE.
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B|A4ETRE, —BOTERZEOT T, MEROBEFELFEE (damping loss factor) £ - 1=, &
W HRAERMERICE DX, BEORMES I L HEBOm A 5B MFHEEHICE L
TUOTAHLRINF—2EE, Thh L BREREES. L CBRICBBPACBEEOMEBELEIH
BRERICEA 2R 2E W . EHICHEBRREELMNEZERL T, BRSELEOBAICLD 2
DORLBERZEAERMED 51 B EEREE X, BARKE— RICB 3 IRSKOBLFHER
EOMHERMABICE U TREL U, BUESTERD 5, 12 U BARB ORI L REtFED
MEEH, BERBIRORMEDHE LIRIREREORBELICENTH S T LARE i,

WSETE, —BNTEREEOHBETC, VI FaFPREDIT Y FLy FROBRRET—
RTOBEFEBOBRKICDOAFERR L. TORb i MEBNRER & TXNVF—EDOFERICKD, #
HUEBEILY Y FA v FIROBAREERN.. 2OV Ry FREBRICET S5 BEICKD, 8
MEACT A B OZIRSEH Nz, BUEF T, REREHC X D BRI L BARBL FhICHIET 8
HERAEY, AR LICRICE LD, BERFEICET 3 EE2 SFANCTHMEL /.

5B 6 ETIE, 2ERDBRE LERERN, SEDOBHICOVTRN.

TheETBIC, BED, SRESHRTH 58 CFRP IKICBAL T, IREIFIEA Dy F 2 EEH
WKl TG DEET « — RNy JRIOHBFELZEROICERLT 3 & L &I, BRICHEHERE
RV 7 A7 R EDBBENMEE ANBEOBNALEZREL, BRIBELEOEMIC L
BIRRBR OB L RELTE 5 L 2D TERMITR L. LLEDORRBIL, Hifi L ISH O™
Hh ST, & JICBEERE, RlReTE SR TZ2OFORBICEMT 2L CAKT
B, ko T, FEHIILEHBEREEL (I%) ORUERREINIBRSZLDLEDS.
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