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Gaussian
Abstract
The trend toward using newly

developed stronger and lighter materia in
construction has made the design of cable-
supported bridges with longer span plausible.
Under the exposure of natural disasters, such
as wind gust, the increased flexibility by the
longer span on the other hand will aggravate
the wind effect on bridge structures.
Frequently, the induced vibration is far
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beyond what the existent knowledge of
medium span bridge can predict. Basically,
the flutter and buffeting effects are the most
detrimental wind-induced vibration among
others.  The buffeting causes excessive
deformation of the bridge, whereas the flutter
effect can be devastating since it might cause
the instability of a bridge under a certain
mean wind speed, so called flutter speed.
This project proposes a protective system
using LQG Linear Quadratic Gaussian
active control to increase the flutter speed
and suppress the buffeting vibration of
bridges for the sake of structural safety.
The tasks of this project include theoretical
derivation and numerical  simulation.
Through this study, we hope to elevate the
applicability of such an active control
technique for vibration suppression of bridge
structures under wind loads.

Keywords: Active Control, Cable-Supported
Bridge, Buffeting, Flutter,
Vibration Suppression



85

Damper

(Suspension Bridge) Scanlan

Akashi Kaiko
1991

(Cable-Stayed Bridge)

40 Herbis

Active Tuned Mass

1960

(Self-excited Force)

Tarata 890
1-6
385 200 Li=rU’B
167 §KH1* @ +KHy # + K2Hg a(t) + K2H,' /’(—;é
118 510 W
390 §K/f @ + KA @ +K2 A a(l) + K24, ”(—;E @
Hy, Hy, Hs
A,
AL A
Flutter
Derivative
( )
n).a(9
/<:€¥ w
B
r U
Lgo:%ruzs
icAa&Z%j°+§§%awuLgcdamngng



My(t) = %r U?B?

, N g @
1 Ard2u(xb | dC O
%ch (20)* Colao) 7 “(J ) 2 I “45 ) %
u(x ), mx1)
C., Cu
a, A
r
1
2
7-9
mh(ﬁ‘l- 2thh§‘+ thh) = Lf + Lb + Uh (3)
o (&t 2xqW, &+ Waza) =Me+Mp+U, )
Uh Ua
U, u,= 0
LQG Linear
Quadratic Gaussian
1
L(iw) = Hyp h(iw) + Hy, 3(iW) ®)
M ¢ (i) = H g h(iw) + H g (W) (6)

HiK) =T UZ[H{/K2 +H, K2J
Hya(iK)=r UZB[HZ iK%+ Hy K2J
Hpgplik) =r UZBH iK%+ Ay K2J
Hpp (iK) =1 UPB? \.AZ K2+ A KZI

H(iK)
Least-Square-Error
Curve-Fitting

2la=AlaZia+Baa;s L[3=ClaZa+Djaa
Zyin=AMnZMn*Bunhs Mp=CunZyn+Ouynh

Zra =Ama Zma *Bmad: Ma =ChaZpya +Dpya @

(12)~(15)

K=Anh+Bpr ;
L=Cpy h+Dppr
M=Chpy h+Dpy r

€Z,,u A, 0O 0 0u
&, u é a
hedliia 260 A oy
€Z ypd €0 0 Ay o0
& é a
& mall e0 0 0 Ama
e, 0u
§0 By _éh
B, =% S r=a g
gBMh 0 ﬂ &
60 B

ChL:[CLh Ca O O]; ChM:[O 0 Cun CMa]
Dy, = [DLh CLa]? Dpy = [DMh CMa]

an (@s) ®

Q]

® (6)
©

(10)

K
0
ajy b
W
Hopfia) = " a0+ BBy g )
(W)™ + @, 1 (W)™ + .+ B (W) + 5
a;= a/gaegg'"’, b;=ru? b/?ggm
11
B n=ApZintBiphs Lp=CipZ p+Diph  (12)
Arhs Bips Cips Dyp
s b Zin
(®) Aalic)  (9)
Hpn(iK) (10) H pa (iK)

(13)
(14)
(15)

(16)
1)
(18)

(4)



&=Aqq+BqUs +ERy (19)

€ 0 | 0 u om 00
e - u U
—g&lAq=§-MalKa Mg lCa Mg lChgMa = oh /
gg & s.h 0 Ap @ 80 Jai
&My Wp X 0 2y, 0 u éDp, uO
Ca=e hoh ’ 2/, Wq X ﬂ =ce hWh & y
é aWa Xa( S8 0 Iywy? g hMgg
&Chiu 0 N é 0 u L
u é u
Ch:gc:ll'w :gMa H H_AQE—gMalﬂ,Fb eM[;l’:‘l
O gog U gog
(20)
(19)
Uy =0
Open-Loop Aq
Closed-Loop
1
Aq
Aq
2
Stationary
(19)
(19)
10

LQG

LQG  Linear Quadratic

Gaussian

[1] Scalan, R.H., Sabzevari, A., (1969), "Experimenta
Aerodynamic Coefficients in the Analytica Study of
Suspension Bridge Flutter," J. of Mechanical Engineering
Science, Vol 11, No. 3, pp.234-242.

[2] Scanlan, R.H., Tomko,J.J.,, (1971), "Airfoil and Bridge
Deck Flutter Derivatives," J. of Engineering Mechanics,
ASCE, Val. 97, No. EM 6, pp.1717-1737.

[3] Irwin, H.PA.H., (1979), "Centre of Rotation for Trosional
Vibration of Bridges," Journal of Wind Engineering and
Industrial Aerodynamics, Vol. 4, pp.123-132.

[4] Scanlan, R.H., (1987), "Interpreting Aeroelastic Models of
Cable-Stayed Bridges," Journal of Engineering Mecharics,
ASCE, Vol. 113, No. 4, pp.

[5] Irwin, PA., (1992), "Full Aeroelastic Model Tests"
Aerodynamics of Large Bridges A. Larsen, ed., Balkima,
Rotterdam, Netherlands, pp.125-135.

[6] Irwin, PA., (1998), "The Role of Wind Tunnel Modeling in
the Prediction of Wind Effects on Bridges," Bridge
Aerodynamics, Proceedings of the International
S/mposium on Advances in Bridge Aerodynamics,
Copenhagen, Denmark, pp.99-117.

[7N Kobayashi, Nagaoka (1992), “Active Control of Flutter of a
Suspension Bridge’, Journal of Wind Engineering and
Industrial Aerodynamics, 41-44, pp. 143-151.

[8] Wilde, K, Masukawa, J, Fujino, Y, Bhartia, B
(1994), "Active Control of Flutter Instability of Bridge
Deck”, 1st Werld Conference on Sructural Control, WA4-
50~WA4-59, LA, CA, U. S A.

[9] Miyata, T., Yamada, H., Dung and N, Kazama, K.
(1994), "On Active Control and Structural Response
Control of the coupled Flutter Problem for Long-Span
Bridges’, 1st World Conference on Sructural Control,
WA4-40~WA4-49, LA, CA, U. S A.

[10] 2001



	page1
	page2
	page3
	page4
	page5

