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Vibration Control of Curved Beams by Dynamic Absorbing Curved Beams

Tadayoshi AIDA and Taiki NAGASAKO

Abstract
In this paper, A new beam-type dynamic vibration absorber for controlling the several predominant

modes of vibrations of a curved beam (main curved beam) under harmonic excitation, which consists of

a curved beam (dynamic absorbing curved beam) under the same boundary condition as the main curved

beam and with uniformly distributed connecting springs and dampers between the main and dynamic

absorbing curved beams. Equations of motions of the system in modal coordinates of the main curved

beam become equal to those of the two-degrees-of-freedom system with two masses and three springs.

Formulas for optimum design of the beam-type dynamic vibration absorber are presented using the

optimum tuning method of a dynamic absorber in two-degrees-of-freedom system, obtained by the Den

Hartog method. Moreover, for pratical problems, an approximate tuning method of the beam-type

dynamic absorbers with several sets of concentrated connecting springs and dampers is also presented.

The numerical calculations demonstrate the effectiveness of the beam-type dynamic absorber.

1. FALE

ok BEEEMECRONIEKRIL . SEM - #
MALICH L, Z2t, BEMESE0mED, HHEEYOES
HIEICH T 2L EE > T 5, 6%k, Baho
BREILRT S LI L DIWENEIZ T & 1208 B4,
IRENFIEICBIT 282 LR A TP T B,

FHHIE, T FTIZTMD (Tuned Mass Dmper)
ND—HTHBIZ) I A TOERIRKE L IZLELTE Y
bbb, INBEWMENRELT, So6EE-%
TARIEZ D OHE—IF ) « ERIT) RUTEEKT? —F %
MEL, *FEED N UERARNEZ L3 28K
RITND ELT, TR —TrtREEE %%

AR LER
) B IR E T W

©1993 The Faculty of Engineering, Yamaguchi University

L2 DEERIESRE LTRIHL, 20BN 5ES
RAHEW E TIRENT A,

AT, Y- AL DV ERRTS 2 HEEHO
HIMEENICA T 2IREMEE £ 25, T4hbb, MR
EFTHHANIEY LHILHEREMNZ L L, BRSHML
RIS & SIS Ze A 030 (Ekdk2s b 13
D) 2HEL, MREH DY IHRETR - 50—
REDEELTHRIERELT2L0T, ZNi3n ¥
AT DENRIRR DL H L2 RET I L EICFDE
e L FHMEERT.

2., WHWBIRMA Y (T YIS L BHEHY) Y OREEYE

RIZHR

2.1 BREdLY Y EREOLY (FY) DER
Higxk
Fig. 1 (2R3 A ) 1) (Main Curved Beam [l
TMCB) 2 M &#E&EMm e LT, ZoxdRphidpsniznic

IR T2 S A s



26 (350)

Fig. 1 Coordinates of curved beam.
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Fig. 2 Cross-section of main curved beam and

dynamic absorbing curved beam.
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Fig. 4 Cross-section of model beam.
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Table. 1 Geometrical and structual constant of

main curved beam.

b =300(cm), b,=250(cm), h=180(cm), fi=L=25(cm)
be=1.2(cm), tn=1.2(cm), tn,=1.2(cm), t,x=1.0(cm)
R,=30.04(m), R,=30.08(m), 8, =50
m, =8.76 X10*(Ns2/m?), I,y =1.45X10%(Ns? « m?)
EL=1.42X10"(N * m?), G/,=8.61X10°(N + m?)
EC, =1.25X10%N + m*)

Table. 2 Geometrical and structual constant of
dynamic absorbing curved beam with
uniformly distributed connecting springs

and dampers.

m,=1.75X10%(Ns*/m?), I,,=2.90 X 10?(Ns? « m?)
EL=4.84X10%N « m?), G/,=2.94X10%(N - m?)
ECo,=4.27TX10%(N + m*), e=1.29(m)
ky=2.53X10°(N /m?), cy=2.97X10*(Ns/m?)
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Fig. 5 Resonance curves of a single curved beam
under a vertical force acting on a quarter
point of span. (a) Resonance curve of verti-
cal displacement of a quarter point; (b)
Resonance curve of torsional angle of a

quarter point.
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beam with S-shape under a vertical force
acting on a midspan of first span. (a) Reso-
nance curve of vertical displacement at a
point acting on a force; (b) Resonance curve

of torsional angle at the same point
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Fig. 8 Resonance curves of a continuous curved
beam with S-shape under a torsional
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nance curve of torsional angle at the same
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Fig.10 Two-degrees-of-freedom system for jth

mode of a main curved beam with a
dynamic absorbing curved beam attached
by concentrated connecting  springs and
dampers.

Table. 3 Geometrical and structual constant of
dynamic absorbing curved beam with
concentrated connecting springs and

dampers.

my=1.75X10*(Ns*/m?), L, =2.90 X 10>(Ns? + m?)
EL=4.84X103(N - m?), G,=2.94X108(N - m?)
ECu,=4.2TX10%N + m*), e=1.29(m)
kw=6.63X105(N/m?), ¢, =T7.79%103(Ns/m?)

E. % W

AR T, (20 EEWO IR T% % Passive Con-
trol DKM 7 —Bl T dh 2 kiR (TMD) % sk -
Wi L72, —EORATH 2R EW L Fl— DR
R L OBIRMIRIE Y 2HiSITR . SR L
22bDETMDE LTHZ HIEZISH L, xRS &
LTHIT - AL DEERARTH B850 1E ) oy o
R Y DBEOMENISH L 720D TH 3,

T, AFRICBO TR OUBETNE AL, M5
WY & B R ORI BT B ), [Rl—
WREMNE L OBRIRAA 0 ) 2EE TR S re—
TEFMICKE L2HA, CORITE— FEERICE
WTFig.2-3IR L 2 R 3ITRRETFNVICEREN
% 2 &% 56,Den Hartog?h ESBICE D RD SN
BB AR LD, BdREA D 13 O R FE
WINCHREE e o722 L TH B,

HI K2 T i S e



34 (358)

Wiz, HEERERP LWL LIS, EHT S
HIEE— FF 1 RE LTHEI LSS, 1RE-FI
LT - Al ) L L5NFAICHE T M
DICHERESNTWB I o b, BIRiREATD I (33K
FOMEIEYH B o EhRD LN, L,
B MEMEAAICL ) 2 KB E— FA T
BAESH L, iU, B—4 MEEEMAREORL
DIRENCBWTEEEICA LGNS, ZHEBE LTI,
i kO RN R E— FERRITFIRESICADYE T
KE—FE LY, AU VEFO5E— FHHE—ill
HOIEDTIE 2R 3k, dkifas N (E) TIES
KrioTwdleHdThHb, LrL, HEHRO E—
24l WA DOEREEFEL TAS L SITEX
XAETIEA S, HEVMBEEALTVWEVWR D, &
72, EBMCEFET AHAEFE LT, NIMMEE B
1%, 2% R UB5%) BAMLEZ A, H2E—F
DIRIE I PE RS T N e Y, RHERRER
ik s 0 NS/ N SR A

Kic, EREEW~OEHFBRNTHEI L6, &
Bidh - Fo— e HRAEESELETVEREL
2. L»L, COEFAMEIESTHEEETNLERLY
E—FABEERL2ERIThRICERTEL VD, +
SELDBEETR - -2 RETLEE, EUN
2 EBIThRICERT LI LAWEEE LD, Y
DESETIER AR T 5 L HITHIERRICL D ZDER
Wt ke 72,

Vol.44 No.2 (1994)

FHEE - KAKE

2T, APPRTIMEHEGE LT, T
T B M—lA D ITDIZB VTR N DI0%ES

135 28 DI0EABEIZ IHEF L 2T NVERE
L7z, 2 OBIAEBKER 2 E0MEEET NV ORIEE
BRAEE X HMET L2, FORE, IMEELTLI
KE— PO, SHMEFETTNVEIEI-HTD
S EBH LI o7, L L, kU DiRERENAQL
DEMOBEBT2E— FEIIBT2E- 27T LT
3, 9N, SR L EEITh . SN0
WoHICONEFHEEETNERELBENTE, T
L 2ER3IThRRCEERZ SN LIEZVIR W,
7275, BERELSBLTVWB VI T E LEDTHE
BENTH 20T, AFETHOLRBREDRDERIT
e 7y ET B 2 L THPICE W 2RER,
THLLR (U4) R U5) 2Bl LT, #
M ERMMATEETH L L bRIBRCED b/,

eEM

1) Aida, T. et al: Vibration Control of Beams by
Beam-Type Dynamic Vibration Absorbers,
Journal of Eng. Mech., ASCE, Vol. 118, No. 2,
1992

(PR 5 49 B27H ZH)



