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u R" , M , C K R f R"
(1)
y+ 205+ Ay + wb(l + A)y = Bf (2)
y ,ou= dy, As= diag(s &), |6]< 1
A= diag(e 6), |e|< 1 B = &R
y+ 2w&y + ufy = Bf (3)
SVD (s] (3) . B D

B=XIY (4)

X'™X = Y'Y= 1,T= diag(¥ ¥). (3) , Y# 0, j= 1,2, ,n

x= X"y, v=Yf, (3

X+ 2&%x + ubx = Tv (5
(5
v=- Gox - 2Hox (6)
Go= diag(g: gn), Ho= diag(h: hn). , (5
xj+ 2(w&+ Yh)x;+ (@B+ Yg)x;= 0, (j= 1,2, ,n) (7
j
o> 0,
w& + XYh = o
hi= (0- w&)Y"* (8)
gij Bj
@+ Yo - o=
gi= (B+ - ud)¥y* (9
(8), (9) H o, Go (6) f=Y'v x= Xy, (3)
f=- YGX'y- 2Y' HX 'y (10)
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(120) (2
y+ 2050+ A) y+ wb(l+ Ady=- BY'GoX'y- BYHX'"y (12)
(1) y x= X'y,

X+ 2005 (1 + XTAX)x + tb(l + X"AX)x = - T'(Gox + 2H ox)

X+ 2( Ast+ €T) x+ (AS+ A+ e@)x= 0 (12)

Ao= diag(oe o) , Ap= diag(B B
€T = WEX AX , € = WX AX

(12)
A= M+ e+ o(€), j=1,2, ,n (13)
i=- ot ify
Nl Rt pu L W py (14)
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: j : wWw&X TAX j
XX =1 .
& = mind, & = maxd, j n
o+ Wwhoh = M=o+ whd (15)
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M'u+ 2C'u+ K'u= Rf (16)
(10) (16) , f u wu
f=- YGX'®u- 2Y'HX '@ u (17)
(16)
M'u+ 2[C'+ dBYHX @ Ju+ [K'+ dBY'GX '@ Ju= 0 (18)
B= ®dR 4, 8 (9 (18)

M'u+ 2[C'+ X (Au- W&SNDXT D Ju+ [K'+ &X (Ae+ Aj- WdI)XTd'Ju= 0

(19)
(16) P, u= PEE (16)
I, (1) @ @ . (19 , 2= PE
P=X"Td &, (19
z+ 2[Au+ W&EP NsP']z+ [ Aa+ Aj+ WhPA'P']z= 0 (20)
Ns= diag(d: 8.), |0i|< 1 Ae= diag(er €n), |€i]<« 1
(16) . (19 PP~ I,
M= M’
PP= @ dXX'd D=
PTOPDP P = P'M D=
PIM' P = |
, (18) j 1,
%+ WwEIn < N, < &%+ W& (21)
On = miinc?i, On = miaxé’;
: : 0,
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, f R k<n, R R™" rank (R) = k,
(1) (3), B SVD (4), X R™",

kx k
Io )
= [J , To= diag(2x %), ¥# 0, j= 1,2, ,n (22)

_ T _ Xc K n K _
Xx=X'y= , Xe R xs R"% v=Yf, (5

Tov 23
0 (23)

) XRrR ; Xc )
(6),
V=- GecoXc- 2HcoXc=- Gox- 2HoxX (24)

Go= [Geco O], Ho= [Hco 0],

Xc + 25U Xc + Ubxc

Xg + 2&Ub Xr + (LﬁXR

Xc + 2 Acu Xc + (Aécx + Agﬁ)Xc =0 (25)
(3 (10). , Xk
o, j=1, 2, , k n- k Sl
Aw O Acp 0
Ao = ] y B = (26)
0 Swl 0 wV1- 8l
X+ 2Aax+ (A2+ A)x= 0 (27)
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Fig 1 Springmass systeam
ki= Q@ 92, ko= ks= = ko= 0Q 03, ku=1 02, mi=mz2= =muw= 1,
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Tablel The natural frequenciesof the pringmass system
order 1 2 3 4 5 6 7 8 9 10

freg.- | 0.05974 0.11774 0.17228 0.221 72 0.26456 0.29944 0.32523 0.34107 0.9752 1.0005

w= ‘]2‘(a1a+ wo) = 0.9879, &= e= 0.013

a= &= 005
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Fig 2 Close-loop regponsesof repeated mode system,

15

2

closely spaced mode systam and closely spaced mode system w ith parameter perturbation

mai

o= 0.6
&= 0.05



706 1996 28

, u1 o= 0.57 , u1o o= 0.051
( Suw= 0.049 8 2%).
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FEEDBACK CONTROL OF CLOSELY SPACED MODE SY STEM

Sun Teo Lin Silian  XuBohou
(D parment & M echanics, Zhejiang U niversity, H angzhou 310027, China)

Abstract This paper studies closely gpaced mode systan using feedback control law
designed for repeated mode systen. The danping factorsof close-loop systen isanalysised
in three cases, the repeated mode systan’sfeedback controller used in closely spaced mode
systan, in closely gpaced mode systam w ith param eter perturbation, in partly controllable
closely spaced mode system. It is show n that with right coordinate transformation in the
cases, the error of the close-loop system’sdamping factors is equal to the first order gnall
parameter of the correponding frequency digerse

Key words structure vibration control, closely gpaced mode system, close-loop system



