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Optimal Active Control of Bridges
using Modified King-post Mechanism
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ABSTRACT
This paper develops a new control system to reduce the vibration of bridges using King-post
mechanism. The optimal active control theory is used in the control system. The positions of
post and roller in the King-post mechanism are important factors, since the vibration of bridges
is very sensitive to their variations. To demonstrate the efficiency of the proposed control
mechanism, a simply supported beam under moving load is considered.
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< control algorithm & &2 Q] mechanism o] &-§3}AL= AHojr}. ojHe= . HE
actuator 2} tendon & ©]-83} control 3H= 2 o] AA) F2Eoj 2 4-H A% Qo

2 =84 B+ 32} 3= control mechanism 91 King-post mechanism & 2] Ala] 9k
U}7FA 2 actuator 9 tendon & 0] 3R T 0] system & AE o] obd Fako] FH L3R
+ Rojtt, 18X t]§ EAFHolT FAHolm AAZ ¥ 7155 system, = Modified
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2 %ol A= o] control mechanism o] 283} control algorithm of] Th&te] AF 3} 2,
3o A= King-post mechanism &) R 3 82 Ql modelling, 4 FolA+ Modified
King-post mechanism 2] . %3} 428123 Q1 modelling & 43 £} 5 FolA L= £ 284S
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2. Classical Linear Optimal Control
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modal domain o] & -&3} T},
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E o1 033 o] A7), A(®) 13X FAAZ AL (9HE A&+ Yok
oH

—=90, O<t<t

o 7
.. oH
A+Z==0
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M =-4"A-20z, Mt,)=0 (10)
u=-LR'BA (11)

A 4(2), 410), JADZ FE HFH 2(0), ut), A(r) S T3} o)) 5 w3
AL =09 W z(n) @ =1, W] A@)ghol HLEe] YL EE a two-point
boundary value problem ©]8} #&t}.

o]mjl o] control system < closed-loop control ©]2} 3}H Ao E]E AefHe] g RE] 7
by 7H A 53, A (12)9) 2ol & 4 Utk
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1714 o] x]e] B P(r) € Ricatti matrix B F-2 &4, o] P(1)E dF 357 A5 9
FOE 0, P()E ATbol thete] Wistx] ¢k Y p = 7Yl 2)(12)00 42), 4
(10), A(1)E YA 4)(13)3} 22 Ricatti equation & 73 d 5= U}

PA-1PBR'B"P+A"P+20=0 (13)

A13) EoA B PE 7319 A12)E Aol HYste] A H Aoy =
(linear optimal control law)EF 2 & 2](14)E 13t}
' u(t) = Gz(t) = -+ R"'B" Pz(t) (14)

714 G=-1R"'B" P+ control gain matrix ©] D}'
A(14HFE Ao HY3HHE 45 +gct
(1) =(A+BG)(t)+ Hf (1), 2(0) =z, (15)

2](15)F simulation 3} 2 £ response & T-3l'd 4 A}
2.2. Independent Modal-Space Control
S Holl 4] 43} £ linear optimal control theory & continuous system ©l| 2 &5 B =},
] continuous system & 483 © & modelling A 2}(16)7} Zo] 2@ HT},
w(x, 1)+ M (x, Dyw(x,t) + M, (x, D)yw(x,t) = f(x,t) +q(x,t) (16)
A7 wix,t) = 18 A2 r 4 W) x ol A9 displacement, f(x,r) & ¥, g(x,1) = Al
oJ¥& YelH L, M,(x,D) = differential operator 2 7 & 2] E4 X9} geometry il we}

%ﬂ@150=§%QHﬁW
X
operator M, 3 M, 2] kWA eigenfunction < w,(x) 2} 3 ] eigenfunction w,(x) =

othogonal function ©] 2.2 displacement w(x,7), 218 f(x,1), A g(x,1) = & 52
Z3do

Wt = 3w (2 (0) an
k=1
FE0 =3 w@E® (18)
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A7V A z,(1), F(1), Q)£ temporal part 4] Z} eigenfunction & A7} B} % p
actuator & ZA4~o|t}.,
2]3L Z+Z}e] differential operator M,(x,D) ©l th3l9d eigenvalue problem & & o] A
eigenvalue & -3 2](20)3} 2t}
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2(17) - 4(20)= ©]831 ZF mode ol 3}t A16)& F 23t 4N Zol 8=
o
ZeAMI 4V, =F,+0Q, for kth-mode @n
2121)2 & Aol M2} b7} A R state-space form ©. 2 E ¥ 31H ZF mode of] T3l 4
(22)2} 7ol Yelo] Wt

M (1) = 4N, (1) + Bu(e) + Hf, (1) 22)
2|3 & oA o Aol Mg} v} A] 2 performance index B A 2] 51 4)(23)3} 2t}
Jo = [ S 00m @+ (0 Ru) ar @3)

2](23)2. & F901X cost function & H 43} =5 2} mode o) Th5H5] Ricatti equation <
£°] gain matrix & T} o]¥A T4 E gain matrix T ©]-&3t] 2} mode ol THEH
temporal part & & ©| %= control ¥t

3. King-post mechanism

o] A7} A] ¥ 5} 0] 2 mechanism 9] King-post mechanism <2 o}2f¢] 181 3} 7t}

Actuator

Figure.1 King-post Machanism

o] system 2] 982 Q] modelling < o}z 2] 2](24)9} Zo] EH T}
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m

atZ 2
ox“ot m ox' 4

P 2k_coso
=—8(x-vt c S {x — L
(x-vo)+ u()d (x é

A7)H 2288 A6 Wl e B M,=—2y\/%§;—2, M2=%-a—7} H3 ol

differrential operator £} eigenfunction & Th33} Zro] 4)(25)% 713 §hc}.

W = sin(k'n:x/ L) ‘ (25)
o] g A =" modal domain 4o A4 Z} mode o] T3t 4] 4(26)2.8 R}
El(kn\*, EI(kn\' _ 2P . (kn )\ 4k, coso
Z, +2y \/_’: (—L—) z, +—;(T) z, = —;Zm —L-vt) 7 u(?) (26)

2](26)%. state-space form 2.2 v 41(22)3} 2k, 284 24](23)3 ZHo] performance
index & 743} optimal control - H T},

4. Proposed control mechanism ( Modified King-post Mechanism )

3 o A &70% ] 7 King-post mechanism & T]-% &-&3 o] AA|H ol A LA
7Hs %t system 2 & A B AF R o] ofe 17 .2 9+ Z& Modified King-post Mechanism
oltt. span 8] ZAo7} ZoAH 1.1 3 2L TRE system & 45717 o1 H 7] W E
of ol2dr HE& HASYHI, T post2 rollerd] YXNE H A3 HAAsIH King-post
mechanism 2.T} &% & &3 o]},

Figure 2. Modified King-post Machanism

o] system &} 48l modelling 2 o2l 9] 2(27)8} Zo] EH AT}

0*w(x,1t) 2y ’EI *w(x, t) EI 8*w(x,1)
or m o0xat m ox'

@7
2k, cosa

= ——S(x— vt)+

(t){s(x-aL)-s(x—ﬁL)-s(x—(l— B)L)
71M a & post o] HRE YEIHE ¥ (parameter)E aL 0] post 2] Hxo)1, g
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roller &] Y X & YetU & Mol
& A3 vl37 A & eigenfunction & 4)(25)9F ZHo] 7FAEA 4(27)Q kth mode o] TH
¥ modal equation & 4](28)3} &t}

Z +27‘,EI(——)22 +———EI(—)42
k k k
L
m\ L m 28)
2P . (kn vt) 4k_ coso.

=——si
mL

u(?) %m(kmx)— sin(kmp )- sm(k‘n (- B))

2](28)% state-space form S 2 HIHH 4)(22)3} Zro] H 3L 4](23) 20| performance
index & 743} optimal control 3+ Ht},

5. =X ol

S ol A At system o] EEAE 587 130 simply supported single span
bridge ©| T3} ] Matlab Aol A X34 -& +35% )

o] ofAlojAH AHEE EAXNE ATERY YRE p=785lkg/m’, BAAITE
E=204x10°Pa, ZATE y=124%0°|t}. FZES IAJVE AEW Zoj:
L=199m, THHL 4=00442m*, B/ moment &+ I =25063x10"m" ©) I tendon & 7
AL k =372kPa°lth & ALEH FFL o]FI}FLE I P=1000N, $E &
v=120km/h=33333m/s 1T - ;.3
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Figure.4 Controlled Response (King-post system)
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Figure.5 Controlled Response (Modified King-post system)
6. 48

B =FoAE AFAHAE A MEL system & A3 FAMHAME &

A5o] o}F FE}Ho|th T King-post system B.th 2717} F7) wjE o] AAHZ F33}7]
= £ol 3ttt
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