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Robust-Optimal Vibration Control of a Beam Using Thermal Stress
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ABSTRACT

The vibration damping of structure is increased by thermal actuator. The thermal actuator
causes thermal stress across the section of structure. The several kinds of control theories are
proposed and the proposed control thearies are successful in increasing vibration damping.
This scheme can be effectively applied to large space structure [LSS] having very low natural
frequencies.
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2-1. o FojofEf &4
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AN Tap & do] GHAVESE TFE o] SERFO|T B,=kn’r?/h? ot 28t 1
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M = [[ EaT(zp 2 aa (2-5)

A7l M(e 94¢8d 9% FPrdEcn E £ 99 A4 (Young' modulus) o o
A9Y Agolth. B Ado] e ¢F B dde dAHAER A R @SR F F
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Mz(8)=2 Mr(H)=2E | j T(z,)z dA (2-6)

4 (2-6)& Laplace @841 ¥+ 4 (2-4) & Ugsiy L& e
M1(s) = 2Ea Q(s) IITm(z,s) zdA 2-7

Ad dFdolEs AYE YYeR 39 df&E U o] =FA ALRE AY fFd o
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| Vi) = G, ®) (2-11)
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4713 Mr(x) & € Fulo] A ok7ldole Y RHERA I F7& € FHl7t 24
e 03 xAleldA dRdez qgFH 2o € & A
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714 He Adgsold. 4 (2-14) o @l ¥349] e FF2$=(normal mode) of
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w(xt) = ,??1 En() nlx) (2-16)

m(x)

4714 ARESE TES) AL BEU
[} ond m 0u@=b0m . [ om0 Lz Bl g om(0)]de= 0n? @17

Zold WUE £5 $A44 -1 4 (2-179 F & @439 g gL Yoz fx€
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Mq(s) ~ s + 2les + o

(2-20)
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A7 K B4719 Aot 29 39 &€& tholoj1d(block diagram)e] di@ /FZ Ag
$<+(OLTF)= o&3 2t

_ _ 0.0019s(s+11)? _
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@ A9 23 4% F4(9 5) F K.~48¢) U@ A 23 7 IJA(HY 6) 22 ¥ A
o7t B3HINEE ¢ F A
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3% (controllable canonical form) HE| WA A& A&

MO = Ax(t) + Bul®) ¥ = Cx(D) (4-1)
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-235-



o 71A¥eE U3 goh[s]
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@ /g daAA £ A3 A5FAE S0 A4 £ qu & FA, 0z € 2A a2
R & #A #& AR §& IYth 19 AHd2 ¥E o] =EdNAE Q% R9 < o
2ol Agu.

o=[18° o] B=to21
ol HFae AFAQY Gt deFH 2o
G=[ 1518 8921
Hex Ao ngAs} FHulE A-BG 2 B -448+1990 i 3} 0918BYE € + AT
AHATE T 437 38N E §24 9485 7] (Reduced-aorder observer)& ‘4]
At AREQ 6 2 ¥E 2485379 44 $AAYL &7 Po] oA

z = (Az-LAp) z+{(Az-LAp)L+(Aza-LAn)} y + (Bz-LBu (4-3)
714 L & #&7]19 AQoltt. Error Eqation® oh&3 2t}
.g = (-14_& - L_A.—lz) £ (4_4)

Error Eqation?] IfX& -172 43Penz L = -1006 ojrf.
4 (4-1),(4-3) of 27128 0(0) = 0, x2(0) = 1053, 2(0) = 0& X5t FJAA 3

HIHE 7% Aol 29 8 3 9 o|th. 1Y 82¥E HE AFHA &L A WE Aol X
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ok (AEY A T 0012 AT

x(k+1) = ¢ x(k) + T u(k) y(k) = H x(k) (4-5)
4214
_ T 09996 0010 _[ 00 i
?={ “oosss 0.9991] o T 0.010] , H= 10000191

o] AlAde AoJtEHH FA BVEAAFsT Q9 RE H9 443 IYAAY 2L FE
AgH. HFHAANE FH ST 2o
G=11378 8671

He2Z AY THXE 0956 + 00191 i 2A z-FAF9 golt}. oA} o] ¥ FeH U
% A5 HBE 223485718 AANLH ¥ #PL 45F FHNMS Fd&Ed @
A wgHe] A¥Noz FASE AT E Boloh F2A54BS7Y 39 $HAe e 2
o] ‘o) A7)

2(k+1) =(¥z-Lep)z(k)+{ (8- L)L+ (¥ -L o) }y(k)+(Tz- LTu(k) (4-6)
Error egation & ©g3 2t}
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elk+1) = (9z - L¥p) e(k) (4-7)

Error eqation & I#A& 08437 = 4ARen= #3719 AL L=-T795 ol
7t 8 A (4-5),(4-6)0] 27)2A& Rt} Fo) 19 1011 AT}

5. #el Hof

A () 2 BRRE Ae 449 Ase 499 o2d 1 528 olft: 444 2dl 3
AolAs B AP 7AeTh 24U 05 ¢ A2WY BHAY ARE THE A
Ae e B 2.

x(t) = (A+84) x(8) + (B+AB) u(®) (6-1)
Al2ge] EHA4E vetdle 04 st ABE B&3 o] AR H.

i 50 0] o B[ 25

A4 ERAR r(6) & s(t) & 4G 35 or 3 08 BAXNZ TE GOT. &
r(®) = { r(®) : IO S pr = constant > 0 }
s(t) = { s(&) : |s(O £ ps = constant > 0}

olge] Aex FE FIEQY 8 AL A3 & oj&do EYAYE 2471 JEE EFEHI
4 G- N&FE A {7 A48 - F e HHAE TR

_[10 ) _ [ 3097 0055 _
Q [01 , R=[2] , K [0.0550_328 ., G=1 0546 32831

%714 K3 Riccati Eqation?] #lola G AFAUo)Y. Q & dH¥dE 4AY ofe 3
3 8 54 L% §& AU/t HEE o E7ARAY §AX o F o o HAE GFA
717) 18 Ao} o)A} FEL A3 Yt FFFHoR ot Zol o, F ps of TH
F A9 #54& €& 4 I

1014p, + 1014ps{ (1-2.166p;) "' 20,+88812 } < 0161 , ps < 046 (5-2)

4 (5-22 ®H o, F o5 o A H4EA A 4L A& & A% (a9 12)

6. &
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At AFANETE FAA77 A8 &9¢ AN AGAR FoA AFRrA7E AA%
1% 3 HHAQE A= Ak F Y BF FREY AFAYTE A FHAAT
A AojdAe 4 B/ FHAFES £ A8 #371& 79 1gen a9 911
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Table
b=0038l m Cov=345 WV =963 m%s’K d=78714%x10"* m
E=T31 Gpa Gs=005 Vs¥m h=196%10"* m K=15% kg m s¥K
1=0.606 m 1,=00362 m ns=3 x1=00163 m
x2=0.451 m xs=0606 m a=243%x10 5/K {=0.0081
k=6x105 m¥s 0=298 rad/s 0=2100 kg/m?3 S=bl,
o(xs)=0.7065 o ’ (x1)=0.0930 ¢ / (xz)=1.6333
—_[-0.0483 -0.01 =_[09991 -0 — [ 0.001
A= e 0% (2% ceme]  B[°GV)
=_[0.1 -4 o0 A T1
r=[ 300] *10 Q=[ 04 Q=[]
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y
{ clamped edge
Z
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I b
x

x1 x2 xs
VA

ag 2. Be AN 2

.5 T T T 0 Ke=0
'\J % : Kc=48
T‘- + 1 Ke=100
0 (2]
Vi

S0 0 10 20 30 40

17 4. Root-Locus Real

3% 3. Block Diagram
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0o 2 4 6 8 10 o 2 4 6 8 10
295, 3RS (D) Time (o0) 28 6 BASUH (kestt) Time (0
'—o“'@-‘f 8] ® [c] — 03
' 0.21
0,154
2 O.w
0.051
S
<0.1 3 3 3 4
Time (sec)
2% 7. @%7)0)) iRt Block Diagram 1% 8. 27|=e] ¢ & (A5A)
4«
. 0.25
- 0.2
10l 015
o o Y
-0 - - = 0.05:
20 X1 o
<0 -0.051 \/f
'S 1 2 ) 4 0.1 —
Time (sec) 1 leme (m:; 4
T 9. AAeset 29 epiad ula () 23 10. 27| zAe] g & (o]2HA)
0 0.16
301 X 0.14
20 1 0.12
10 0.14
[ 0.081
10 0.06
20 xy 0.041
30
0.02
[ N 2 3 7 4
Time (sec) 0.000 0.004 0.008 0.012 0.016
a2 11, AANE4e 3RS Nl (o A) I 12, pr FHps 9 HEIHsIBY
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