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Abstract The present paper develops a robust design method of structural vibration co=-
nirol based on the tolerant measure of performance, Firstly. a kind of quantitative index
of controllxl responses called "tolerance control index" is presented which is in contrast
to the standard asymptotic idea and owing to the high needs for the quickness and accur-
acy, .\ class of structural control system with some bounded uncertainties subject to bo-
anded uncertain loads is considered. Tolerance controlling specifications including the
direct and clear response index and representation of robustness range are formulated in
terms of neizhborhoods in normed function spaces. Secondly, a set of robust design  cri~
teria of structural vibration control for the direct satisfaction of performance specifica-
tions, based primarily on fixed-point and operator norm techuniques, is established thwo-
ugh the state feedback control, which offers a quantitative design for high—precise stru-
ctural vibration control problems. Thirdly, according to the eigenstructure assignment idea,
an  intezrated optinum synthesis procedure for the robust controller is given so that the
parameters of fesdback controller are 0ptfma.lly obtaiaed. Finally, Some cousiderations on
the applicability of such derived design procedure are Jdemonstrated throuzh a calculation
example.

Key words vibration control, robust controller, optimmun design

1091 11 H oo AWeE. 1992 i 3 A 21 HULE B8R



oMl PRIZRSE: A TA MRS R A S5 iR 3 B e B h 3k it A523

Sk 3h 3 Sh R BB U5 KA B0 Rl BURE & Ao fel R Th RO 188, KRikAE N, —B R
SERHHFRAZERRX, KhEASNmpEEERER. BHAFRSMS & 1 & 0
% “RBIEMRDEHZGARA, REEHEHEHUERESBMTEY .
H AT R 5 i Mg B E DR R fB AR b, HX ARMERNA EE, HY4—
WM TARETZEMBRAERRIGEN Y, 80 ERPEH, FARETERMR
RECE RS, ZREFEHRLUEE R SRR ZRIMHR R AN E ST &
L, SRIEBRRMIZI SR AME—, EhSGHE, EFERARMBIRE N T8 Rk
fEL AL E B AR R IRIZR B HE . XRFEFIRRMEZRGOAEEST X &, L
RFAC E R LR EEMEAER R ERBEH R 2. HEKRIIFETREER
Bt RYER RN B M R . O T 5 E LR B IR, ASCREE SR SRE
KAV HEN, ISR E RSN EHRKERHRHEMUXRE & E N 2
B, HkFEH-BETARACHRBERIIEE, KBEXMERRDIER LR
Hfom RE D At bk, REREPE, B R UL 5 2% S /U M I 0K,

IR & S dbadiok b v R il

1.1 HEEEEFESRHWESE
X BRI —FE BT E WL & T O PERE IR AR, BICh AR T ok 4w B 8 R
B, NEBRARTEREESREEMERERSEER. ©&#1 £ Banach 5% 7] % %
7Ny LA RIIE T 51l AR T 7
S(vyB)={yELLT) ||| v|<Bo} (1)

A l!y|l=maxESu7;)ly;<t>IJ (2)
e

1=l ¢

Li(T) 4 Rz, Hob Banach 52 vER' h#SWR SR A vi hv 2o
T hEHAIZEE]; Be b Bk ik RBEH B

BT HRE AR X R B R 2B, B AT FR 2 o BE iy 25 BR 45 45 o

P sh e B 15 Hil o — K B bRk 2 BIAR E R LA ERN I T R E 5 00T il 2w B fo il
Bfbs, TR EA—GEERINES, HTERAHLE, 2T HzRERSY “AeEE
R 25, FEMTHREER (D, DREEXRERENEESEEES.

W LRI R, A B A9 HIm N R R AW ERN SRR, R
SHBEMIRA

2(8)=Ax(t) + Bu($) + DA(t) + (AA)x(t) (3)

Ao w(t)=—Kx(¢) +v(¥) 4)
(D) ER K RE: @) ER AR dOER e Hov()ER P FK Kk HA
FEMD B EERBRNPHOERAER; KSR hH%i% I 4% M 4.B.D
HEAFEUHENCHNARLKEMN:; AAd R FABRASRERY, RoERAIAE2EE 7.

HAFEX 3) ER (1), mPEM R=A—BK W HESMETELE EEN, 3
RERGMBREADT, WAty Lalisdim b RS REFiRHEX



A524 TR I <} #1138

() = L(AA)2(2) + LDA(E) + LBo(2) (5)
A L AK R AR HF A 5 &4t
P, o
(ow=| ¢z (6)

0

BAVR L A HIE T, RS T R ek R e i ma b 2K,
1.2 S#&&iHEu

ZERX (3) WRMEHRRDERAL BEEM RMFEERSVT £ 3 & @
M. HIRLAHBRA (5) MRERITET, W T LR IR SRR A £F I B e 035
B A4 R, R R & n T e BLHERE

S =A{x€ L (D) |{Qxl<Bo} (7>

R H4ERE K AT CAE R THIAR SR, BRI B E 4r.

-1 B
I HE 0 —Us
;\QLQ == BOHQ(AA)Q 1||+ Bdl QD||+ 8, ”QBH b (8)
7ng 7 /2
:_th:’ llQ]O lll—"maX{Z Z —-—-I:(A k’+B(‘kll)f(W41k’))

’jlklk'

05 DI FIC 0 1

+\/(A(,'k,'))z+ (B(,-k,'))z € /(eﬂﬂl) ]}=Ub 9 )

Aesha= —7,E£ 7,

A4(k>: [A(ikj)jﬂ“.xﬂ'rz EakR(RO_*- '}’kl) + rkakI]ij

B® = (B xn,= (@ (Rot74) — 7,8z P,

Ry=QRQ, Py=[] (Ry—2:d)(Re—271)
>k

ak:akR+jak,:[Re(Bk)+_']'Im(ﬁk)]//lﬁlt|2 (10)

Be= 7y T (ri—r) (e + jrd

=k
~ (g A%
?]f(k)— [W'(,-k,')] nyrag T tg IB(k) )"'J X7
1,¥8=0 0,¥=0
f(W(iki)):‘{ , " ’ g(y,(iki)) :{ , ) < j
O,W(’_ki)<0 1 9Wik}<0 .

Q Bk i R, AT RAM & MERREMARBEER: 8,8, 2HAHX Td 50
RIS

2 BB R e A BK

2.1 RENBESHER
A A= {24 E=1,2,00,m,) AFFHEHARKEELE, SATRE IR E M -4
HEMAERER, REZHEERES
Qo =RV 45=0, £=1,2,%0 7, (an

e’ . o~ .



HoH Br AR %, TR RN 14 M iRz B IS it A525

R Vi A REGM FITIE Aa B IERE; € R HRAER.
B R RER, HEK

V/ii:LiZiy ’i=1,2,"°,7’3; (12)
X th Li=Qul—4)"'B (12a)
Z:=—KV . (1238)

RS Va: AR RGER BT Ay B A BAER &, FRIZAVL " BB, HF
o, MU Ve AT L RRGZERM, SEAET Ve, B, KBV. RS R
Pl Ve 5 Ve ZRIEIREMBGER /DI &R AR LI, MG H

Ji=min(WVu—Vu) ' Ri(Vai—V i)y 1=1,2,00000 y s 13)
H R ER s JPRIE MR,
#h (12) RABREN, BHEMEER
Zi=(LTR: L) 'LIR:Vay 1=1,2,%,1, (14)
NEXEEV.S 2% T
VA=EV.n,VAZs"'aVAi,'"sVAn,j
Z*ZEZT,Z;,‘“,Zt,"',Z:,j

BERER (125) W—BRER, HRE V. HIEFHERT, TURBAIRHE BK

HEBRFER
K=-2*}' (15

AR, SRGHE YA AR, RIRMECEK . Ve BXER MR R; TTHER
2] g8
2.2 g EIRT

Bl E SR, RERRRATRA W RIRERE, ok il A BUR A RE/MOTHFE DA R iR i
WEm—h gk, TERIMTRLRE:

HireA
min/ =T, (Z*VIV.)'Z*'] (T.(KK"))

ns—~1 n, g
+w[ Z Z ViiVai+ (V’}iVAi_].)] (16)

i=1j7=i+1 1 =1

KR &M

U,<<U3 (17)
(—Z*V;"):;=0 (K;=0) (18)

Koh () HERE s @ HESM AR E T DAL B BOh A EAZeR K 1 RGERAE I
B F LA MR TR o .
BHRER MR, %5 OFEIA | wruds, Hooh o hEIbED i 6l

0
feE B/ FEHGRERTRLLER - EHEEE. ATRARNRERBR 5t H 25 ¥
K, MiM4RZEFEEEHIREBRRABEEN, EF VOOREHFELAREHE KX UD
HHMKOAAEER, HUAEBRRARPIHEER VOLUEER, REHE/M K
Peg, MR SRR RE S B A HE o & .



AG2R M %= ¢ K ik

A= AN R RO T X P A e A M R R T AN SR SRR BB T AR
152 1A SE SR ) B HH T /MBI SR 4 BRI B I (L RIS 0 . XA & B
AT L i TR 4 7 R & RO X et b5 R B R B Sl A k.

3 B Hi

A L5 KRR B, @l BR BT R TR, IR S 0
RIS TV RAMAAER SRR EMES E 40T

[o 0 2 1] [1 o] [1 0] F/rr 0 0 0 ]

P00 12 0 b1 ¢ 106 0 O
A= . B= = | . =

|L1 0 ] le i\u UJ’ [U OJI ¢ ILO 0 1 0 Jl

0 1 90 0 0 0 0 0 0 ¢ 1

Hodv s BRF 1 mES. QMBRGRIA T ahR & i i b 2k,
i B ) R B DA B BB B MR & ﬁl{&(kh
Ba=0.1.8,~1,3,=0.1, S(A DG 0.2
x5 fh. BiafHfEEH A 8 HeniEhlg F«aﬁlﬁﬂ/f\ﬂmﬁﬁ’ﬁ-b‘
U=[30/C0. 13+ Aa+ #,00=0,08770
Bo=5, W UT=0.1385, HHEALKEHERX aD .
MR R LR IELBRER ORI E B YHED T FoLxFef g,
CLY RAEE R 5> B IRIUE REBESHER AL, (LR AKMME T 5 il J2 kb

(2 ) FFOEN RO BB RIS M 0 0o SR IR B BT, X R I

RERNRNN
0 0 1 I X
HENENEN
Hofo =007 RoR “fe” ook, WlIfFMRImE s

C3) HRIEATER A RRIEL, kB B IR P, B0 Bk b o S R, T SR
A HX Mot AWE sy o BE, 5 PHERRhm “fe” & B—
B MRS, M TRHER&EPHLELE. XH2ETRNRERR, BXLEY
Bt N, BB LR EIRITEE,

Rfeizit ZIE TERIBE ML RAE, A/ DBEHE, BERRIERMNIERM,
XA RKMER (18 Rk,

ALV AIERFITFR | fo &1 hBRIK A T SCRRC 1 JF SR,

WP RTLAE . RVEA AR B 1R H B A AR AR AL A0 A8 b b B k. (B A
PR IREE B DT IFL. KB T AR EERL R B, 1A% A m =i ICAZ %
H ol RE & Z M iMAERE RN . A LR BRETSEA T AENRIEH,

Foomm emoae



FEoM MIOARE: ETARBHRENE RS EEH 2% A527

1 RKIRIHER

N BRI T
R HE

2ai(f=1,2,3,4) K

26.75(=1% 7 21.59 0 310.6 0
N b’a

28.2)X(—-1% 7)) 0 36.02 0 688.7

21.36(~1% 7)) 13.66 0 920.5 0
SLERC 4

‘ 27.60(~1%7) 0 54.26 0 1487.2

Y B
A SCHR T R T R AR S 49 BC B A0 25 W 0% 3 B R T hl o M B RO ARIR k. B
IR BT AR RS bR TR (WRLf bk, FEMLL R SRR iRk,
i AR s T R RERR, DIRE & EMN RERALS R 2 DR AT e
MHERER BRIEICR L -2 &N ARTRE TR, KRGS HTEEEIET
EHRIBSWHAREDR, XEARKERBEVOERBEESHEMILTRESHATRR. &
Wb R RIA T LB MRS (ANRFERLBLL), X0 T 50 A B4 M MR W RS b 1
BoR, WAMAHRAN TEMEELEBMRIEHIEIE, ot SOPE RIS REeH
R TGRS, FEHEREWIETOHRREKBE SR ER, REE
FEAMESSRESEH. XHRFRARME T — 2T HKE.

2 % X W

1 Leipholz 1 H, Abdel-Rohiman M. Control of Structures. Netherlands; Martinus Nijhotf Publishers,
1986398

2  Atluri S N, Amos A K. Large Spacc Structures; Dynamics and Control. Springer-Verlag Berlin He=
idelherg, Germany, 1988.195~212

3 Jayasuriya S. Robust Tracking for A class ol Uncertain Linear Systems. International J of Control,
1987,45(3):875~892

4 Chen W D, Gu Z ). A Robust Design Method for Structural Vibration Control. In: Procecdings  of
International Symposium on Active Control of Sound and Vibration, Tokyo; Japan, ASJ, 1991.345~350

5 Nayak A P, Youssef H M. Sensitivity Analysis of Generalized Figenstructurc Assignment Using Co-~
nstant Outpu. Feedback. In: A Collection of Technical Papers, AIAA GNC Conterence, Minneapolis,
MN, Washington, AIAA, 1988,414~420

6 Sater G L, Zhang Q. Controller Design By Eigenspacc Assignment. In: A Collection of Technical
Papers, AIAA Dynamics Specialist Confercnce, I.ong Beach: CA, Washington, ATAA, 1990,19~31



