2% H2H Z= | B ¥ ¥ #H Vol.24, No.2
2004 4 3 J CHINESE JOURNAL OF SPACE SCIENCE Mar., 2004

Egy e B I et

EET #HEK
(B ERFTROFR b 200240)

I

SRR MRS B HIHAT TR, ah IR R A MO AT A, R
R A SR R A T MSERRIN R P R B AR AL AR AT R AR 1 ) $ R SE B
HHRRIE, FER T ERREMEERSNERERRNETE BREGH, X
SCHR BT R T I A S AT T BE

X4iE RMERER Rl MBI SRR, RGBSR, Uifim

BEERIFH AR R IR, VHZITREBEMR, ST ERBBRME, BRAIE
PEGEHY (SR fF) TEMTR. MISAINLES N SSURG ] T2 M. RiEEH-—RAA RN
RSB, WRAREUE X RSt T, — B2 ESMNEMBUE R, HiRshi#r
SEARICHT L. XML B MR IER T, TR 4 B e 35 min, #m
H AL A5 1.

ALY, THEMBATRAME, FHIFEIMSHERRATHE. HEE
t, KRB BRSO REE ¥ K B R RG] A B4R 5 2 9558 U
i (15 330Pe RS 4 (0 SR B 15 R AT 46 (b U B 2 ] P DB LA I SR Bh B b BRI 2
SIS SRR A T RS RS BRIt B0l Aox s, b
Z KM LQR HEEgATIRT, AR FUH R & 04 EAMNB B M EEE . 851K
ZHNER R, BEAMEASEHELERS N, BRBESRBEE RN R A X AR (e
B R

ASON TR B ) M SBAS S IRIR R TT RBEAT TS, R R B R
MR ERET O REMERIN B ER A2 - REEAEX RES s S E A
SHARBIHEENE. SOPS I T B BRI B RO A AR 4 M i I B T 15, LA
BB BRI A R IR KA SE PR 0 e 5 . B H B, RUF TR HIT vk

AR
2 JmzhijitE

AXHIERME BB R T s, TREWKR. RUEVBESITE 40 PETER
MER. BERAAEHE, BASMK T OBIEMER —FEN, S EERTIZF

+ ERARREREME (10372057) f1 L @ KPS E (03ZR14062) 3L[5%E
2003-05-28 WRIEHK, 2004-01-09 ¥B|E =
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W, REXFHAERRRS), INRNETELPRE HRY. ROBEATRGET X
A

Oylz,t 0%y(x,t

1) o
Hep, y(z,t) AR EIEFS o ACWBEERNZ] ¢ MR, £ AMRMESR, J
AR P RSB, o AREMARERE, A ARWBEEE, Plot) Aot

EJ = P(z,t). (1)

77
TR ARE
g xr AV4 3
y* — y(-[j’t), r* — Z, t* — —EL‘]z/pAt, P* — %P(;L"t)_ (2)
Her, LOARKKE. WHE Q) A TENTTE
4, % 2, ,*
AETHE, THEAX SR ) WERMARITHN. NTFHE (3), F i PriEEHE
Y0 e B Rl 5
Y (z*) = coshk;z* — cos k;z* — a;(sinh kiz™ — sink;z™). (4)

Hh, o; = (coshk; + cosk;)/(sinh k; + sink;), k; B4 cosk; coshk; = —1, T EHE
W | S B R A p= k2
B REIRS TR AT n EASIHATELEE, WHRE (3) MM RRA

v t7) = )Y () ea(tY). (5)
i=1

Hi, ¢i(t") ATERRIE | PoaSAyr. NS « rBaSIRsh TR #id A

¢l(t*)+p12¢'b(t*) :fl(t*)7 t=1,2,---,n. (6)

1
ﬁ¢,ﬁ@ﬂ=JW@WV®¢%%iMﬁﬁﬁXﬁ.%Eﬂ%%m%ﬁi,ﬁiﬁim
M By ¢S | SR AR £ H

$i(t") + 26ipids(t7) + pi (™) = fi(t"), i=1,2,,n (7)

3 TR ASES IR

T SR B U A M T B R A A AT Bt R BRETRT o PYBLS AT
FEhEcl, BN DR r MESHE. XTHAR (7) BIAT o BB T RS B IN L 55
H 1, FHHEFPRAZRFMERAL, TLFGH

Zz(k—Fl) =a@zl(k)—}-blfz(k)—l-d,u,(k), 1=1,2,---,7r1. (8)
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sk, =)= [ 0] s R BB RAGER, boe R R4 € B g
SN ¢ BB AR REER, w b i PSR,
3.1 {REABRE

By AMESISRIRE ry VBTN, R r B, SRR
AT ST, TR TR, ATLUS AR, BTl £
R T LI O B (8) 7S

Zl(k + 1) = aizi(k) + dluz(k), 1= 1, 2, ey T1. (9)
B DB M I R )
Sl’(k) = CiZi(I’C), 1= 1,2,"',1"1. (10)
Horh, e e RIX2 Q5 YIS R R
%R (9) HEATAN T A5
2,(14:) = gizi(k), (11)
—di1 /d;
£¢,w=[; fz]ﬂﬂﬂdﬂﬁgﬁ%%dmmw+ﬁ%.Mﬁﬁanﬂ%wﬁ

zi(k+1) = a;z;(k) + dyu; (k). (12)
KA, a; = giaigi_ly d; =10, di2]T. %772 (12) BFF, nf%
{ Zii(k + 1) = ;12 (k) + @i2zi2(k), 13)

Zio(k + 1) = @i212i1(k) + @iz2Zin(k) + digui(k).

Hep, za(k) M za(k) 53R KRE 2:(k) BN E, i1, Gaz, Gz M a2 SRARE
HiFE a; 4 0 HE.
B (11) KRB (10), 75

8i(k) = cig; tzi(k) = &2i(k) = G Fa + CinZin. (14)

Hep, ei=cgi' e b (1x2) &, & Mcp HRIN & 2 PHE.
TEVIRE L, NA sik+1) = s(k) =0. 51 (14) b eip = 1, FIHEE (14) AT H
Zia(k) = —€nZu(k), RAFFE (13) iy 1 &K, WH

Zit(k + 1) = (@11 — @i12€i1) Zir (k). (15)

¢ WIBHENREMITE (15) MIRATLMER. Y en WEE, & T2SlE REH
& = cig; ' WHERREBNRBERHY ¢ = g,
3.2 THEMERESEMNIET

By b ke 205 Y

SZ(k + 1) - Sl(k) = _QzTSz(k) - EiTSgn(si(k))7 i= 1727 RS T (16)

HA, ¢>0,6>0,1-¢T >0, T A¥IEFTH L.
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KeJre (8) ATTHE (16) Ao, wIfg
Si(k + 1) — Si(k) = ci[aizi(k) + blfl(k) + dzuz(k)] — c,zl(k) (17)
A7 (16) 1 (17) AWiAHE, wIB B BUESmRAEREY

ui(k) = — (cidi)_l{ciaizi(k) + Cib,’f,'(k) - C,’Zi(k)
+qiTc;zi(k) + e;Tsgnc;z:(k)|}, i=1,2,---,71. (18)

X T B ECRGHES], BT HAS KRR, MAREE AT HE_ LR R AN TR,
L, FEMZEEAE LT —AMEA TS E R ), B A b A IR A
LASHMEAE S A RRET R BEA I A, AT b, sAEDIBN RES), B8 o
i, FFmiRAEE, HELAEN, SRR XN THE (18) Brasiss « Briissk
WA, DIBAFHITERER e T

4 AEAAPREIFEEL

e R (18) BT AU BIAS B A H S AL A0 B SOV PR o 7 i Bt 1) 50
RS R ARSI HORSAS AL, BBORTIRION o BB BRI AT AT,
ra > v WM TEIEREN vy R LIRS, DIRLXE S A B G AR, X
s 25ty )T L M ML G . 4 H OB BLRS 0 (k) AREASHRRE (k)
ATBLE R 12000

¢i(k) =D _(H")iy" (2], k),
! (19)
(k) = > (H™)s5" (85, k).
\ =
Kb, i=1,2, 0 87 HREEBRBIOME, =12, HBEE H N
[Yr(E) Y5 o Yi@D
g | G i) Y:;Efc;) 20
LYr(En,) YF(an) o YiEn)
70 M B B B AR A F R T T RS AT, TRURA TR (18) MEATHEAH

ilpalioha =

5 SEhRERITE

HI77F2 (18) Bk i gtk o Al o, Tl SR AEANFE R b BSR4zl Sy, Bk
EEERN F, CSEAREHRE U A F xR P

F(k) = RT'U (k). (21)
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Heh,
Fy(k) Y@y Yy oo YU(Ern) uy (k)
A Y&} Y5 o Y5 us(k
F(k) = F.(k) , R= ( : (:2) (. : , Uk)= 2:() . (22)
Fr, (k) Y& Y33 - YHEn) ur, (k)
Hep, & AR LIEahs$ s, «=1,2,--,n. /ESSRMEREFENFEHRER R Ik
g

TEXTRIEAT E e, — 8RR i SR IR S AE A sh 28, XA ARKsh SRR i o
TR R R B R B, — RSBk, LUE TR, X ITERER ©, e
AR TR A AR AR LY, 2 AR T R AR T T AR R, RS, AR SR
4k, VERAHR RIS, ERRMN TR ETMNS, W AERrRrE ik,
xR SR sh AT FE .

6 Hp

AR, RN TR (3) R AR RNEFITIHHE. X EXA 530K [10] A8 1H
WEAHTHETE. REARB RN B tidnE R A SMEREU sin(t*), B8 8 dwE P16
A vy (1,0) = 1/3, 9(1,0) = 0. FHAT 10 Brism iy o R LR, B (5)
n=10. EREMBERBREREBY ¢ =0.05, i =1,2,---,10. FEXTLHIFT 4 Bzt
Treshieml, Bl ro=4, AHEER B3 4 MESE; RN BBCRIH 3 BrEis
PRI AL, B 27 = [0.291,0.471,0.694, 1.000]. 4 M43 I &t o R H HE AR AR 421 1 By
RHIAT 4 BraSARbs, BIEXRAIHT 6 AT, B) ro = 6, HEPZERM 6 A5 L
AL R, MR 6 AL B FIEE, £RBAMEIRE 7T MEAREK
4k, BD & = [0.193,0.346,0.500,0.654,0.808,0.949]. ¥r{EiHELMT, B SAE I H B HL
347 0.01, ) T = 0.01.

EXFRAHAT EEESIN, B 1 o35G TRATRE (19) BR RS R R 28 TR B
HRRESE 1B, 28 3 B, 28 5 IMFISE 6 BBt AR, Ho o i 4R 0 B s 2 mi 1,
SR AR TR R AR RIS . R AT R, REAFRE (19) Fimmsis sk 55 6e
R AT R B PR AR AR, 340, BB LAE H, (R AR B SRBURE P o B
18, WEBCSTAIRE B LIS 3 MRS THE S S SR AR ES, £ 2
HEE 4 PrEcSpft A thmeE sy g I ES, EIRAELENE.

T B EX KA 4 BB T FahEH. SR TRE TN, R (15)
H @1 — @aeCa = 0.5, (@ = 1,2,3,4), WEMERNFEN 4 MIBEHEERET
SINBRER €1 = [49.9949,0.7499], co = [49.7976,0.7491], c; = [48.4037,0.7474), ¢, =
[43.7563,0.7447]. M4EH AT (18) HHATRAEHEIA 1% 1, BL ¢, T = 0.01 1 e;T = 0.0001
B2 /M T 1 BIBCSE BT (SEER), BN T HIntpom N iR, WS UE
H, KRAF ARG, 81 s mN SRz eE8. B, LBIEER 5,
F2Hr. B 3IMAE 4 MBS RN AR e R s, BBELAR. H3Am TR
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&0 ATLIE N, REERSIAIEEEaEE, BRI N EAR.
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Fig.1 Response time-histories of the 1st, 3rd, 5th and 6th modes
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Fig.2 Response time-history of the first modes
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Fig.3 Response time-history of the tip of the beam
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A SO RYER RSN E S BT BT TR, TERRMSIESZ R A, B
R B R S R R AT Bt SCPE I T BB A IR I AR K P 6 0 B
#FAR, DR E BN SRS ERIERN T, HHEAEAIRT TR
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WL S REY, 30 B AR I e BT T R R IR Sh AT B RURS
TR SR R A B A T LS R I T AR AR, ARSI IR, R
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DISCRETE VARIABLE STRUCTURE CONTROL OF
FLEXIBLE CANTILEVER BEAM

CAI Guoping HONG Jiazhen
(Department of Engineering Mechanics, Shanghai Jiaotong University, Shanghai 200240)

Abstract

Active control method for the vibration reduction of flexible cantilever beam is
investigated in this paper. The independent modal space control method is used as
control strategy, in which modal control law is designed using discrete-time variable-
structure control method. Extraction of modal variables from actual measurements
and transformation of actual control forces from modal control forces are discussed.
Determination methods of discrete-time switching surface and variable-structure
modal control law are presented. Effectiveness of the proposed control method is
verified through a numerical simulation in the end of this paper.

Key words Flexible cantilever beam, Vibration control, Independent modal
space control, Variable-structure modal control law, Switching surface
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