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A Vibration Control of Multi-layer Structure by LQ Type H,
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Abstract : This paper presents the vibration control for the two degree-of-freedom which is a reduced

model of multi~layer structure. This reduced model 1s designed for the first and second order resonance

in the low frequency domain where the disturbance such as the earth quake has the large energy. And

a designed controller using the LQ type Hs control theory shows the good performance for the

impulse disturbance through the experimental results and the simulation results respectively.

.M 8
Hoo A5 e U, Y 59 72
o35 s 4 A9 3FE Bl Yk
o] A7 ol o) dAsE M

AT Me 7289 dH dAANMREH TF
dxlated WFow A%

Az i@ G Ae st AT, A

ofutM nF AEI wF Ul AdA T XY

Hol 753 Yo, o3 IFFA

A iAo w3 AR AFA AL =
Woll M= 28 A &2ata 2§ defol o

1oz & d7edMe &% Bo] Addd 23

T TEe AdER 93 2t wg Fo i AF

a3 712 ATEAM, A

AFsb dqellA 7Fx o]

o 2

Moy
r
r

2 27

$1998d 649 294

DR sta Ao)7] A F et
o DR
EE P

Ly Aetn st A

L RAdetE st

o oY oX o2 o
oX oxl o¥ & N
pob ik b of ot 12

U= AR 13, 23 RE9
AHFEAZ 2dYdsdg. agn

o, A% e 9@ bl 48 b 2AE
B - A, oled $EHo2 WES Aols
7 el AR BAE ERYT olgh go] A
A AR Aejgs Fdez mdde ¥
Aol st stebnle s T,

AN AR a7 st AT B ARFAE
AR FEEAA UEe & A 23 ZEs) 4
Sslol 9lof, RFT Ffolq mde] BHAA
2A e A ole @ 86 de 2
@ AYES BRY £ AE Alojle WA
a7,

ou] Az Fol elstel FnE ¥ e

(o
2,

2
X
it
3
lo
r‘?""
e
ol
ofw
or
-
N
i
o
o)
off
2
2
N

22h BEg ok ®MY WM A A7lE

Festd ou®, o

M

2

e

T o
tlo x@ oo ¥° n% X rlo

A n2ARE T BT AAA
b 28l #EE He A7 el
st 7|24 EE 3 A, T Tl dis Ao
Hol thA AA Holof 23" AT g
golg £ Ak’

s

>,
ot
oX
Bl
2
e

ﬁ41_



LQ ¥
a4 B dPdME AcgFel Age Fu
A QG AoiAe] Ao #88 LQE He A
AW e olgated, A ol A AT 4%
e AoV E AAST, AWS Fahod FAA
Az,

to o

2. 48 X9 74

03 34 FREL dutyoez p e FIH
S ZA Hed ol Axd3 md2 EsE)
A& Aol ZHeiAE dFE Aoz A
a1, o] e A Foy EAS WA A
A AEFAE AzsAd.

A AAARSR AR Aitel] B HE 43
HEAQA Xz & A¥EH, 19409 59 18Y v
=, Imperial Valleyoll Al A3 A1 o2 o 7p
T 326[gal], 7F 2 (Magnitude) 7.1019, o] x]xzl¢| &
4 FId¢es 4 1~-3[H]Z Fig. 13 #}.

oly
oly

(o]

A

EL-CENTRO NS

" " i "
a s 10 18 20
Time (sec)

Fourier spectum

" N A A > H
a 1 2 E) a 5 - 7 L) 3

Frequency (Hz)

Fig. 1 EL-Centro wave of Imperial Val-
lev in U. S. A

F, dit3 o g Alo] e g4 Fug gL
ek 35[Hz] M Hnd & & & AR}, o] Fas o
dolA FXE dod F AE Xii} r=ol 11 2
Ak BEo] $HE Fo 2 AFEAR 4 2da)
& Fig. 29 o] A&t

3. oA PxEo 2yl
1 +3N D

Fig. 29 A€ 22/ 72E9 4L Fig.
3 3 o] F7HHeE EEY F Ut

Heo A71Yel 2@ 13 F2EL] UEA

MOTOjR

: m
Xy

support support )
Y/
Fig. 2 Schematic diagram of multi-layer struc-
ture with two-degree-of-freedom
%///// LTI LI T ///////////
Z
C—1—
Z
s
n >
Fig. 3 Analytical model of multi-layer struc-
ture with two-degree—of-freedom
Fig. 37 22 sidxdd ozt 5L
g 2o

ml(x1+d )=~clil—k1x1—62()&1—£2)

D

"'kz(xl —Xz)

my(xy+ d ) =~ f~co{ x,— x,)
(2)

- kz(xz -*xl) - Cg( 5&2 - x3)

mg(fz*’ d )=—f“cz(’éz"9&1)
(3

—ky(x—x1) — Ca(fz - 933)

- 42 -



X, X, x5 H Tl d(frame)E 7lEFow 3
FaiRgeln, d& 7FR ¥ $oln}

71X, o] ®WEY HNAAE X, =x+d,
Xo=x+d, X;=x;+d 2 8= Ho FTAZ WA
f=kruet FH, A~

H@)sh e gugAson @t

g, ARnHe

4
¥p=Cpxy+ Dyu

o, xp:[Xl Xy X5 Xy X5 X5 ]T

A71M, Ao Z} AsPdL g3 #ol B
dHh
0 0 0 1 0 0
0 0 0 0 1 0
A, = 0 0 0 0 0 1
’ itk ko, _atg o 0
m m, my my
ks ko < ct ey Cy
my T my my ma m;
Cy _ Cy
0 0 0 0 s s
B,=[0000 -1 ma]
T

E1=-0007;—11—00]

' k T
E,= 000;;‘;00]

C,=[010000], D,=(0]
32 2t metole el =3
21 (4)9] g} e} n] g
m;= AB7NE AF & ol8stden, ¢ 9 &
=3 2 AES B3l FHs9Ad
kol @& #4387 98t Fig. 20
M FRRE AAS F AYE mE HFF502 9
s

Aot %S wel A3

m;, ¢;, kl%

A3 We - 4R

2 FE3E AL dolA AME W
o8, % k9 e FAI Asx
& Ay sapwds
48L& St AHF
Zt SEtvlei e g
Table 13 i,

it

Table 1 Specifications of experimental apparatus

Parameter Value Unit
Mass m 150.3 kg
my 1165 kg
ms 15 kg
Damping coefficient ¢ 29.12 N:s/m
Cy 14.22 N:s/m
cy 11.33 N-s/m
Stiffness coefficient 4, 23,817 N/m
ky 25,855 N/m
Motor torque constant kr 25 N-m/A
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