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Vibration Control of Multi-Degree-of-Freedom System
by Autoparametric Vibration Absorber

Yoshio IWATA* and Toshihiko KOMATSUZAKI

*2School of Mechanical Engineering, Kanazawa University,
Kakuma-machi, Kanazawa-shi, Ishikawa, 920-1192 Japan

Vibration control of a main system, which is modelized by two-degree-of-freedom spring-mass
system, with two autoparametric vibration absorbers has been experimented and simulated. Every
autoparametric vibration absorber consists of a pendulum and a torsion spring around its support
point. Such a vibration absorber has no restriction on its vibration direction. The autoparametric
resonance takes place at the first natural frequency of the main system in the only pendulum
corresponding to the first mode and at the second natural frequency in another pendulum correspond-
ing to the second mode. Then the resonance vibration of the main system is controlled by the
autoparametric resonance of the pendulums. A vibration system with multi-resonances can be easily
controlled by the autoparametric vibration absorbers because each of the vibration absorbers does
not have influence on the others mutually. The effect of the pendulum damping on the autoparametric
resonance is investigated by simulation and it is found that an optimal value of the pendulum
damping exists for the vibration control over the resonance.
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Fig.2 Two floors structure
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Fig.3 Experimental system
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Fig. 4 Response curves of floors in experiment
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Fig.5 Response curves of pendulums in experiment
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Fig.6 Analytical model of experimental system
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Table 1 Parameters in simulation

1st mode model 2nd mode model

M, 2.16kg 1.75kg
M, 2.56kg 2.15kg
K 160 N/m

K=K, 720 N/m
C=G 0.140 Ns/m

J 3.86x107 kgm®

J 2.02x107 kgm®

m 0.0993 kg

m 0.0774 kg

& 0.0123 Nm/rad

I 0.0467 Nm/rad

o 4.92%10”° Nms/rad

o 1.38x10™ Nms/rad

A 55mm

L 46 mm

A 1.60 mm

—FEFAND2ODEFNLRERL, KHIBICBIT 3
BEE DLW TERE Y I 2V —Yary2HELRTWL
EowlLi, BRI, BoolkbaRefHL T
IRORRERK L K E2BAICHERD, RCEEE
REBHSERBEEZE LA RELIRZTE—FETLOD
HEBM L MPRELL, VUyERXBEOEROE
ERRE—FIZBVWTRELLD, T—FEFLVHET
HEOENELULEZONS, kB, IRE—FE
Fro 1 RESRHEE 1.80 He, 2 REGEIREH X
4.43Hz, 2RE—FEFAMEZDOLTREFNLEN1.98
Hz L 4.84Hz it 2%, ERHBEVOBREREC &
CizowTR1IRE—- FOBEE BRI BEEIER
Ly iav—yvarTRILEEZLIREELL. IR
FO Lk LEERTE»SRD, COFELETFOR
BEBEIS AL EPRELR, akall20T
RAIEFOREEHIRHEED & B BREE» 5
BHLE, BB a2V TORELIZ 0.0113, o i
DT 0.0224 TH oz,
YIial—YarhrbROLNEHEE H7LR
SWERLIKL TRYT. HBROEEENTEINL
DT, ¥Iial—¥a Y CREBFOMNAEMEREL
CEZ TEERBROREEZ RS, K7 EEREE
VORBEDIGEHBRTH D, ERIT 2 DOEF LR
L7858, T4bb 6=6=0%r LIBEOEEEH
BeTd. K8 BREFOINESHMBRTHY, FEFEM
RIEEHO 1/2 CE#HT 2. M7 LH8BWTOR

—OWithout control © Simulation ® Experiment
1

E o
= [ .
g °r
% ab 3
2 2 Y
0 1 X4 1 /B
16 17 18 19 47 48 49 50

Frequency(Hz)

{a) Top floor”
—IOWithoutcontrol o Simulation ® Experiment
E 8
T sf
£
g f
< 2p

0 2 1 Il[v a1 1
1.6 17 18 19 47 48 49 50
Frequency(Hz)
(b) Middle floor
Fig.7 Response curves of floors
. o Simulation e Experiment
QIS
5 o 3
- o
2 10} °%{f?@
e L >
5 0.5 - v
k-
%0-0‘*. e ¥ b sanes sesnrsanes saserd
1.6 1.7 18 19 47 48 49 50
Frequency(Hz)
{a) Top floor
o Simulation @ Experiment
<154
£ 1.5
k) 4
2 1.0+
a
50.5- i
E 4 P e
%QW . ety S | opese
1.6 1.7 1.8 19 47 48 49 50

Frequency(Hz)

(b) Middle floor

Fig.8 Response curves of pendulums

Yialb—vary, @IM4RUES LEUERRKR
FT. 1 REBMAECOVTREREEFOOLO®
BIEIE—HLTw3, LAl 2 R{EREMIEBLT



A—MRF XYy JRIRBIC & 5% BHREROHIER 257

i, FROWIBOK S & RIRTF OIREHBRICK
EREVBRONS, 23 F0@IZLTYI oy —
YavETILIERELLRBI LS, ¢ DEFEIR
FEEBH-oLEEZ oD, BTEBLBCERYT
ZIREIIEENEREREL, #5 V¥ 3 A —F QOOEE
BREL LS BDEHLRZLT VS,

B7EB0nTERE—BTZ20L@IETHEHL
OB, 1 XRERSECH 3 T &
U2 REEE B BIRIZF S REFOC & @idt — ko3
FAM) v 7HIBOREERL TS, LizdoT1
RE2ZROEFBCBSTEREEYFIRI LTV S
DIHRFHRA— bS5 2 MY v 7IREREL LTERL
L®THEIeddbhsd, DE1IRE 2 RMR
B ABIEREALOTH2Hr0 5720, 1RE—F
ETNCED 2 REFIRENRO 1/2 FH8 s Wi RkiE
BREREBEL, YIav—varETFok, BRELT,
Z2 02 REEFEE 4.3 Hz DT BT 2 0585
i E7ERBD2RIIBOY I av—va VERK
FEE—EL7. LEd->T, 1 REOBIERICOWT
HIREREBLCOA, 2REOBIERICOLTE
2ERBERUEBCTCOAIREIL, 2 DOBEFRBEECHE
EEARIZLEDLTZWI PR NT.

H70ysav—yarytid, 1 XO®EROES
EBWTA =T XMy 7HIREEEBEARED 2 D
DEEWREBHEEL, TOEEF - T X v
HIFORBREHPRO LD LD KEL BT WS,
EERTREPHF LRI CHE Lo, HfiFED
ERTREEHEBEORE, RREOSRTEA — F 8
ZAMY) vy 7 HRIEOFBEPBEESI R EELO>NS,
F2ROHBRBIBVTY, BNTRD2H, AL
LI REREBEET A I LN TE S, —F, EBTRR
1.81Hz L 1.2 Hz i BW T R D BFKEL TS
B, VIav—yarTREELTHEL, TREE
Yo 1 REFREEEK N L CETORGERSND 2 &
DELBHINCES TR Z ENERLTHED, &3
aV—Ya YEBLWURETOEEIRREENCEL
TR LI L3, SRDDFEESHASNT,

32 BFOBREOEE H7IBnTER#E
VOISERBOTS 1 RERE 2 R{EFBLTKRE
SEZ-oTV3, IRFOBEDKEIBFEL TS
EEZOENADT, YEalb—yarBulad
K& 3 2E(a¥, | REGRESEDIOGE iR %
AN, 2 BERICKRT., O a=4.92X105
[Nms/rad] & &T, M7 K8 DBFITHELL,
Wit ¢:=2.0X10"* [Nms/rad] TOD & X D# 4 %,
At 01=4.0X10"* [Nms/rad] OEE& 25T, BE

10 ——Without control 10 ——Without control
E 5 s
3 6f T 6
g 4+ 3 4
B E
< 2 R
0 b t 1 0 ! 9 1
16 1.7 18 19 2.0 1.6 1.7 1.8 19 20
Frequency(Hz) Frequency(Hz)
{a) Top floor (b) Middle floor
=)
2 157
z A
= 1.0+ S o°°
E o 0o
5 e
g 05r a 8
5
5 0.0} compmn | cmopoon

1.6 1.7 1.8 19 20
Frequency(Hz)

(c¢) Pendulum of top floor

Fig. 9 Effect of top pendulum damping (O : c,=4.92X
1075 M . c1=2.0%X107% A I c;=4.0X10"%)

BRELBBEONTEREEIOA — ST X+ Y
v 7 SHROGE TNz fii s S TR g fiige
Z{L, 1.8 Hz 0 1 REFRBH I 87 5 RIERIHE
RRKEL BB, ZOER»S, RIEOLWHFH CIEIE
UG 2 BB HENTFET B LNEI SRS,
H9(c) B LROETOIGEHB LR TS, KEL
K& g 212 20 T TR S dis s i e g
WELL, BRFELLHEO L 2 TR0 EEINEL
WEHTHIRESND LHDTHDE., ZheDI ririER
RBEREA L, BEBOETFORELZHIOED
FIEKREL, HABORTFOFEER 7TDOY S 21
—valEDEIRNELLTBILIZE-T2D0DH
RESOLEVEEATRE 2 LD/ T2 e80T
5,

4. & ]

A—=IRFRX M)y 7 BRIRRC L 35 EHEROH
EERAL, B, TEED ALY iThsi
DIRTFOLOSBERENEA — M ST X MY v ZIRIERS
BEL, TR 2 HAEESYIC | REER & 2 X3EE
AD2204—bRT XY v 7IRIER%Y, BEMO
BEEE-F2EEL CHRBLEL., ZLTEROLIRE
2ROBEREED 1/2 1022 I CRBIEFEF 2 —
=Y UURBIER 21To /., 835Ky Sabv—va
SETA=INT A MYy 7 HIRDOFEE L HIEE



258 A -85 X )y ZIBIRRIC £ 5% HRERDHIR

HEELDI, HBREBHTZLEDEDL SRS,
(1) 1R‘BFAETRIRKBAOETFD A, 2 K4t
FAHETCIR 2 RBOEFDACEF — 8T XA ) v 2
HIEBREL, ThZNTROEENICHE L RIZTH,
2ODETHECIEER»RIZLEDLR W, A —
Z A MYy 7 HBEMUAOESR CIHRTSREH L 20
EHAROEHIREICE 3.

(2) HFEBOERTBWTA— ST ALYy 2
IR L HBARO 2 DORELEFREELSRIFFICE
ETH5HE8HD, ZOLELF—F T AMY w73
FEOXRFEIEEHER L OKEL LD, Zhiso
F— T A M)y 7HRIBTCRERORIBILNE &
D, A=A MY v 7R E L TORRMBHEN
5.

(3) FROA—1/8F 2 MYy 7 HIBEORERGR
i, EFOBEINNEWE 2R T ghigiczy,
FREERHHETORBII/NEL 2S5, BETFOBRER
KELBRBREONTEFHEZMBC A D, AERFKT
DOIRBIIKEL B,

(4) BFOF— 135 X b Yy 7 HIROIEE SR
&, BFORBESAKE L BB 2N T Tt »
5 bt e 2T 3,

(5) FROFHIROLWIREIEEHIC B W TRIE
FNEL THRBRIETOBRENEET 2 ATEENH
%,

AR YD, YHREETH-EHBERE LHE
OANBICRSRRBI 2RO, AR
BEMABRHHSERPR(C) GREES 17560203)
DBREZTLDIDOTHE, TIRBHOEERT
5.

X [

(1) Den Hartog, J.P., Mechanical Vibration, (1956),

(2)

(3)

(7)

(8)

(10)

McGraw-Hill

Seto, K., Iwanami, K. and Takita, Y., Vibration Con-
trol of Multi-Degree-of-Freedom Systems by
Dynamic Absorbers (Ist Report, On The Design
Method for Dynamic Absorbers), Transactions of the
Japan Sociely of Mechanical Engineers, Series C, Vol.
50, No. 458 (1984), pp. 1962-1969.

Yamashita, S., Ookuma, M., Seto, K. and Nagamatsu,
A., Simultaneous Optimum Design Method of Dynamic
Absorbers for Controling Multimodes, Transactions of
the Japan Society of Mechanical Engineers, Series C,
Vol. 57, No. 534 (1991), pp. 399-406.

Ookuma, M,, Seto, K., Yamashita, S. and Nagamatsu,
A., Vibration Control of Structures by Dynamic Absor-
bers (1st Report, Theoretical Approach), Transactions
of the Japan Society of Mechanical Engineers, Series C,
Vol. 52, No. 484 (1986), pp. 3184-3190.

Yamashita, S., Seto, K., Ookuma, M. and Nagamatsu,
A., Vibration Control of Structures by Dynamic Absor-
bers (2nd Report, Experimental Approach), Transac-
tions of the Japan Society of Mechanical Engineers,
Series C, Vol. 52, No. 484 (1986), pp. 3191-3197.
Tondl, A., Ruijgrok, T., Verhulst, F. and Nabergoi, R.,
Auntoparametric Resonance in Mechanical System,
(2000), Cambridge University Press.

Jo, H. and Yabuno, H., Reduction of Primary Reso-
nance by Nonlinear Coupling with Vibration Absorber,
Transactions of the Japan Society of Mechanical Engi-
neers, Series C, Vol. 73, No. 728 (2007), pp. 1005-1011.
Yabuno, H., Endo, Y. and Aoshima, N., Stabilization of
1/3-Order Subharmonic Resonance Using an Autopar-
ametric Vibration Absorber, Transactions of the
ASME Journal of Vibration and Acoustics, Vol. 121
(1999), pp. 309-315.

Song, Y., Sato, H., Iwata, Y. and Komatsuzaki, T., The
Response of a Dynamic Vibration Absorber System
Using Parametrically Excited Pendulum, Transactions
of the Japan Society of Mechanical Engineers, Series C,
Vol. 67, No. 661 (2001), pp. 2763-2769.

Inoue, T., Ishida, Y. and Yamada, S., 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), Transactions of
the Japan Society of Mechanical Engineers, Series C,
Vol. 72, No. 720 (2006), pp. 2398-2405.




