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Active Wave Feedback Control at a Free End of a Flexible Beam
Using a Wave Filter Constructed with Point Sensors
(Theoretical Verification of Basic Properties)
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*3 Department of Aerospace Engineering, Tokyo Metropolitan University.
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This paper deals with the feedback wave control of a flexible beam using the wave filter
constructed with four point sensors. The objective of this paper is to theoretically lay out the active
wave control at free end of the beam which is independent of the disturbance positions. Firstly, the
transfer matrix method and wave filtering method are extended to the Laplace domain. Next, based
on the relation between the incident and reflected wave vectors at a free end, the control laws and
characteristic equation of the control system are derived. Moreover, the control effects are presented
from a viewpoint of a numerical analysis. It is found that the proposed method can eliminate the
designated wave even if a disturbance acts around the control point. Finally, the stability of the
control system is clarified by using root loci, showing that all poles are close to the critical damping.
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Fig. 1 Schematic diagram of a conventional active wave control
system using a wave filter
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Fig. 2 Coordinate system of an Euler-Bernoulli beam
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Fig, 4 Schematic diagram ofa wave filter using four point sensors
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Fig. 5 Schematic diagram of the proposed feedback wave control
system using a wave filter
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Table 1 Design parameters of a beam

Total length Thickness Width
1.105 m 1.5 mm 4.5¢cm
Young's modulus Density Material
7.4 X 10" N/m? 2770 kg/n? Duralumin
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Fig. 6 Envelope of displacement distribution and waves
distribution at the first modal frequency with and without control
when a disturbance is acting at x,=1m
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Fig. 7 Envelope of displacement distribution and waves
distribution at the first modal frequency with and without control
when a disturbance is acting at x,=0.3m

— 161 —

NII-Electronic Library Service



The Japan Society of Mechanical Engineers

KA MU YBICL 2B 7 A VI 2EHFH L LT

2070 FEE D BRI

BB 7 4 — PNy 7 RUEEHHHENC BT B B15E

B2l EThbD. Zhi, HEHEEIEEDT
BT IEGOREZ BN L L-EMALHE TS
A9¢dL, 74— RNy JHIEATHLU L, BOALE
L TERL, ZOBRIRGEMEI SRS Z L2 EK
LTW5a. Lo T, BREN O ZRITHIHER
DOREXIRLTUIEALREBLZ TR

Rz, BEESEEOB AN G, DVFBIE L KBIRIEIE
DB AT ) AELDx S ImO A LI HE 0, il
R X OJEHIAEIRE I 351) 5 DVFBR (fil48,R1%x =0m)
DEEHE L TFTA T ARE8()BLUVD T,
DHERD 2T T T ABRE8 () KRENTW
5. 720, RFDGIIEET A — K w774 %
Y. DVFBRIZBW TG =lkg/s DIHA, ETDOE—F
WA E IR EMENTHE OO0, EROE—F
R BIE FRIEBREPLEL T DIORDLNS. ZTh
ZRtL, 74— KNw 754 % G=10kg/s (ZHIT 7=
BE, EREEEOE— FRAKR CRIRBIA MR =D
B, TR XY OREV AR CH IR Y — 7 2%
ELE2ELTWBOoRbMS. ZhiL, 74—F
Ny 2 FAL e LIFTES L, SN BEMEFOR
REGEAERT Z LRI, HEACEOTR
B R AXFBREB LR ARD I EERLTND.

FROMEEERTIONEESHEETHS. K8
(VZHEETDE, FHEKRCFETIE—2 L/ v
F DGR IIEIR L, 7 RS BEAR I IR L

—— Without controt
—— With control
0
-90F (a) U H H ””
o -180F
] O
B T vmw
= -180_
o 0
-90F-(c) U U
-180F o ) l
-40 |
80f [(a) DVIl-‘II(B Y
120t ¢s
” -40+ ‘
- L
g *[wpvrs v
S 0l Grlokes
ST
-80 (c) Active wave
control

1207 100

Frequency Hz
Fig. 8 Driving point compliances with and without control when

a disturbance is acting at x =1m: (a)DVFB(G =1kg/s),
(b)DVFB(G =10kg/s), (c)Active wave control

TWHDR DN D, ZHVER FHE IR 58 0 818 By 72
FIEGRTHY, HENRIOEERBEESHORMEL S
X2 T, ETOREBET— FERBEILIILTNWD
ZEERLTWS.

5-2 HEAROREE T —FK7+7—FHl
WEERRLY, 74— FAy Z7HICBOTIIRES
EF vl T BANERHD. FIT, R(T6) RN
HEMEFRANLIKETOBOBMELHAL TS
TET, TOREMEZFMTD. 2B, ZZTHLA

DRERFARUEOBICBE L TH Y CIEED &2
iz L TBL.

&aﬁﬁsck;ockﬁmalifm%kAm
FECERLEHGAEOBREMGEZRIICARYT. 22 TH
BRI, A EEICH L CHENHRE Lo TN D
AThH5. HEROFHEBER BT, fEANEXT 7
SAERsOEBERTERIND Z &b, FEFR
ROBEITESHE 20, HEROBIIERLEEOE L
LB, LER-T, ZORBBNILAREIZERIITTL
T ERD. LaL, HEHEORE, £of#ER)
IEHENZBICECHBTREAIND. Lo T, FiE
FRAORBIIERK L 20, ZOREBNIERIC
LT &2 H 2w,

AEHENEOCHEIZEET DL, C=0CGERIEIRE)
M C=1 GERHIEKE) B TOREIZBNT, £2To
BIIEZEEEOEXFEEICFELTWS. £, C=1

150—0—— Istpok ——— 2nd pole —v—— 3rd pole

100

S0F

-200 0
Real

15 0
Real

Fig. 9 Root loci of the first three poles when the coefficient C
varies from 0 to 1 with an interval of 0.1

— 162 —

NII-Electronic Library Service



The Japan Society of Mechanical Engineers

RAV I 2 HECL2EH 7V 2E R L
IO BERICBITE 7 4 — PNy 7 B ETHIENC BT 258 2071

DELEFIZ2TOEPEMEEZICBEL, BRERICE
FIDEVREBIZR > TWA., Zhi, §ifilcBW TR
L7=EBGlHos W HEBROBILL 250 TH
5. ZhicxtL, TRERESHIBOHE (BKRED
BOBE), C=015 C=0.5 T TIIBMEIHEM T D2,
FNLBEEED L, TEEERETEIETOBITER
FitB@T5. ZAIIEBRENEDRS LIEFITHR
BThHsd. ZOEBIIUTOLIICHATES.

=9, FHI 0 P AEK 0, OERREIZ L - TR
ENTVWBHE (Thbbs=jo), REOHKERD
KRRk LIICREND.

wi(x)=ce ~xlsx =ce " janx (77)

ITC, MRAEES o, B LSS, ERER
DEICELTB.

wy(x) =cle_’“/;x =g VI —ce""‘ﬁ" (78)

FREVEOAR LS I, AEKOEERRET ZD
T, RABOER=T « 74— RIZEELTND

DOWOLND. Lizh-> T, AEESADEE, KK

WLHEIEI =T « 74—V FERETHHEE 20,
MBENLEERKES BRI LIRS,
ERCHBTIER 2 FBET O, EEFFHEBHT
REINDEBHIHD (KB T7 4 L EZOFT T 4 V5
LED) AT el ERET A VEAT 4R ET
S o THEPMIZER LT hiERbne~o, L
BoT, EBEOHBERICBOTIE, KDL 5 R4
FERAT, MOMBTE#C L TLTRIHELD.
BETHE, BE L FEORTES 2 BHEHFTICB
TR BEE, AEENPEDEANHREEE LT
niF e b, Lo T, KXV ALNRE ST,
ETOBMBBERBRIGEVEEEZE LTS Z &2
L, UEHBPROREMIFEECEVEFERINS.

6. ®E

AR, FEIVE2HBELT, BTV F %
EFE L-BHECORBHBELZREL, ZOEEX
BHEAHALLIILE. AR TELNIEEEZENT
BEUTDOXHIZRA.
1. 6kDmEY R 7 RBELEEGT7 L2 Y Ik
EI777ABERICBOWIEBRT S & biz, A
(BE®) 2B DAHERZ bR \’&74— N
Ny 7IEHETHZET, NELOMBITEKTFL RV
HER A EH L7
2. WEHIEE IS ORES BH & LRI
BTHDHN, 74— KNy 7HIETHBLU L, BOLL

BRLTERL, ZOBRRDAME ENS. L
Do T, B REA OMFIRITHEEBO K& Sizx L

TIFEACEEEZ T2V,

3. RERDDVFBIEN T OHIFE L — 7 4 TE 2V
DIZF L, HEBHIEEIRKEEERINGT S Z & TRE
BE— FERERLT AT, £@TOHEY— 7 138
ERRUTIRT 5.

4. FWERIEDOBHE, TORMEMAIEEEMEBIZE
DR CTRHAINZ D, BHEFBRXOREIIERR L
20, ZOMBBNIE#ICT U THIFE TSR0,
5. KEVHIEE AR OO BT AR ICEFIR
WZEERLNIL, HIERORTEERE N L &R
L7, ZOB, BEEOFEHREET S & FIHRZROW
BRRERNERDZ DD, EOREKRKIIEIT 51
DONBDOHERIET HLENDHD.

R#%IZ, RHEO—EIE, ARERIRESEEHRE
BEBMEEFTHFE (¥ -7 v ) BEEE
18860062(2 L2 b D THD. ZZICHRLTHEEERT
B.

X ™

(1) Meirovitch, 1. and Baruh, H., “The Implementation of
Modal Filters for Control of Structure”, Journal of
Guidance, Control and Dynamics, Vol.8, No.6 (1985),
pp.707-716.

(2) Tanaka, N. et al., “Distributed Parameter Modal Sensors”,
Transaction of the Japan Society of Mechanical Engineers,
Series C, Vol.62, N0.596 (1996), pp.1418-1425.

(3) Balas, M.J,, “Direct Velocity Feedback Control of large
space structure”, Journal of Guidance, Control and
Dynamics, Vol.2, No.3 (1979), pp.252-253.

(4) von Flotow, A.H. and Shafer, B.E., “Wave Absorbing
Controllers for a Flexible Beam”, Journal of Guidance,
Control and Dynamics, Vol.9, No.6 (1986), pp.673-680.

(5) MacMartin, D.G. and Hall, S.R., “Structural Control
Experiments Using an H oo Power Flow Approach”, Journal
of Sound and Vibration, Vol.148, No.2 (1991), pp.223-241.

(6) Mace, B.R. and Jones, R.W., "Feedback Control of Flexural
Waves in Beams”, Journal of Structural Control, Vol.3, (1996),
pp.89-98.

(7) Tanaka, N. and Kikushima, Y., “Optimal Vibration Feedback
Control of an Euler-Bernoulli Beam: Toward realization of
the active sink method”, Journal of Vibration and Acoustics,
Transactions of the ASME, Vol.121, No.2 (1999), pp.174-182.

(8) Iwamoto, H. and Tanaka, N., “Active Wave Feedback Control
of a Flexible Beam Using Wave Filter (Theoretical verification
of basic properties)”, Transaction of the Japan Society of
Mechanical Eingineers, Series C, Vol.70, N0.689 (2004),
pp.46-53.

(9) Iwamoto, H. and Tanaka, N., “Active Wave Feedback Control
of a Flexible Beam Using Wave Amplitudes”, Proc. of the
Asia-Pacific Vibration Conference 2005, Vol.1, (2005),
pp.306-311.

(10) Iwamoto, H. and Tanaka, N., “Wave Filtering Method for a
Flexible beam (Design of a wave filter using point sensors)”,
Transaction of the Japan Society of Mechanical Eingineers,
Series C, Vol.68, No.675 (2002), pp3246-3253.

(11) Pestel, E.C., and Leckie, F.A., Matrix Methods in
Elastomechanics, (1963), McGraw-Hill Book Co.

— 163 —

NII-Electronic Library Service



