Hadk g2 jj # "%‘ T& Vol. 21, No. 2
1989 ﬂ'.:. 3 ﬂ ACTA MECHANICA SINICA Mar., 1989

LRI TIMBRSH S URSEL
wEY ok EH

G &= o= ¥ B

B AXRUTRERFTRAZO—ADRENT RERBFRHRZ AT CEE R
HHTEAT ARG SHAEMAZNT XESZANBL RERRXR, HELSH RER R
e — B0 £ 88 BR R ke i) BE SR 3R A S TRIURIA T A SCERTIT By IE R A i .

KA W, RERDT R AL, U

51 B

SELERF N RIERE AR E 5%, ml U—(3 1, £HELABH B3 FBRNARIE
B R IET Ay, BIEEAN BRI — B &P IE A & R Tdk i, ARifn, XhR LR EETF £ IR
&, R A I HIE RS E IR T N BT LSE MR N 3 R B4 BiR S 7 S,
HAXRNABEE T RETRY, WAEERRNBENRRBLKHR M =HE. B
&, A NE R BE—MAUERATHAREMNER I D REHEIRS 7, LUER B 851#
RKNTERE, D AXEEEXRIIHELAH THE-RERETRERNGE, £
HEML, AXRRT—MERT —RELERDAE(EETHMANETRAZ)WRERE
W W ZAT RS,

FXHEE®
—REURAIRENEI HEX
M# + Cx + Kx = f(2) (1)
Hreh M, C. K "2 » (YR RBAEKFRIERE, M AT, RAGRAE r MERBIEME (r <
) EA—ERARENFIEMER. REVREHTEN

y=Ay+ p(®» 2y
Hrp
p= (2] A= [ T o [ 10
1~ HREREN

KERDFENESHLARTREY: BREOEHERN MR ARIER
st pR 9 22 1] o AR B SE 2 AR AR, RRITOU N A — B0 B 3, WX A R R BRI R

AREBIBERERMFES T, KT 1987 £ 10 J28H I B,



184 $1 =4 =4 i (1989 ) £ 21 %

HEE. BRESHRAZREAZFNHERER, I LEHERES R hwe@ ;i
TRAGHFRE SSERRRIE TR R R LA REA 2 0, X0, IR X SR 5
£ WRIE RN ERFKROZ R P #ER EEs, U X ERERTEN, KERNE
WS W S ERABFERRA, Bt 2RNESBXFEL—THE. AT ATSH
A, T YA SE& MBI IHER B RV &M, SR B —EFrr g, AR
— N RERHIUL AR AIKEENZR, FRAENBIEEZERTHERADRIERH
W BERAREE R, £hE b, RZARAPHRRNRENT XEEE X
FIERR).
FIAXBI6 10T 3, HE T A% H HiRE T &2
y=Ay (3)
RS bR E L RVASSEERTIALIS: J=NEIRE 0 i 0h =Wy
Y(#) = Ue¥ 4
i
Y() = [Y, Y, 0e--- Y,], U= [UUecoe-s U,
Yi(e) = [YuYire-- -~ Yio; s Ui=[U;Jpe-e-- Ui, 1
Yii(’) = [yligfececs y;"/;,.i] . U,~,- = [piagy- .- - 'uﬁi,- ]
J = diag{J,J;e---- &} Ji=ding{dydpeee- L

editt A : et o)

1
EWG)h, m BRABTE ¢ MFIEME L B LRME, m; RREUTE i MEE
8 4B 7 DB SPORGE R m 2R L B N RRARNS K, UG

1
m; — E: m;;
f=1

NS m=3 S m, (6)

t=1 imy j=1

BORRAHEG),. B



8 2 0 NEHE: KERDHTRAREH] OREER 185

AU = UJ (7
il
Adi = La fm= 1,2, 00n0n g fm= 1,2, 000000 .t .
Adi = Lai +d{{_, k=12,3,-+--. s

HIERIR B RGHT X FERRRT XL, R()FEA: 1) ESHAKHBITH
B4 N ARSI — BB R, TS RMARERES RN D0 NEBSBIN my; 105X

i=1

FIEES D) ETMALENE —NMEEEN N TF— MRS EEES 2 HERE S
BETELRAREEH, MTRAZNNT 1 NE »; MEREE—BN RS, &
TIEMEEE . RASH, R EELIAAESTE.

2. RS

HTF—BORERDREVEBARENEFEEERSE, HBEIHEEREHFES B
A

MH% + CHx + Kix = () ™
y = Afy 4+ pl2) (10)
H
MAx [16))
y= (8 Tomo =[]

THRIARRABAGEEOYHEE, L%THim#EE%E. BHBM, MR GIER 47
ERFAEN A RADH NS YR, Bit, HEAZE BRI TEMOTESN

Y(s) = Ve (11)
o Y@, V] 5ERZEWN Y&, U.J BEZLBUNEAR. BRERIS.
AHV = V] (12)
B
ABpj = }0¥ imm 1,2, 0000, fom 1,2, 0,m (13)

Aof = Qi +of_, k=2,3,.--m;,
FHorh of BRAERERGRT URE, ERITRRIEHE.

3. HMEZ BB MERXR
HEOARE I MHER(DATE RN HE

Aul? = Lui? + uif, (14)
Ao = Lu + v, (15)

¥(UDHREF o?, (15) AAERBEFALAR o, RAB_ABER. B
(3; — 2)v¥ el + v?Hall, — v al’ =0 : (16)

A uff =it =0, REUOK, Hi,1,p, 9, k, | BUBHEUENER, FHEHER
7, RANTIEH v,a 2 EE S RNERR R, O EHELA T RERH.

R, ﬁﬁ(l6)ﬁ“%ﬁﬁﬂ%—~ EE%*?T**% ﬁ?&ﬂ!ﬁﬁ—ﬁ,%ﬁﬁﬁf&ﬂiﬂ?
B4, T



186 H #* F 74 (1989 ) 21 %

% 1
o is1>054 ) )
W Rl It R et
ky 1

= - a”(m;, == l)
k=1 L= 0 0 0mgy>1)

- 1= 2,3, c00me (me — 1) 0
k ] ’ ;:___ m,q 1e 0 0 4’

= D= 2,3,c000e (mip ~ k) 0
k= 23wmi | | = (g = K+ DiCmia = K+ Dyorymye| O 0 &' (n=k+1—my)

RPERERA: SNTAERIEE (1) O XREREXH(ERPE—N); X
RTHE-RFIEE G=1) AAELUR (p>9) NI XERRTER KH(RPEZID;
iR THR—FEE (=1 A—E%%R (p=19) U XESRBYERB(FHEZ
51). BERBERREREHES ERRR,UHE

T == VHY (17)
K,
VAU =0 ¥ iif
ViU, =0 ¥4 i=i,p3xgq
aif
ai?
0
T;’-V?pUip= o. ~' E % ‘_’9 p-’
L gt aiteeeneeeinans ait,
Hik, R T A — kS AR, HE—R MR SHE R A E LB & AEE, BP
T = diag{Ty---- - TowTurveee S VHPRRRRR T, oveee- T,.,} (18)

4. — BRI RAOEERBBRK P EERE
A RGBSR RESH BB R B DT RS RO A,
#
y) = Uz(s) (19)
Ko 2() R XEEHLHERE. BERARSSEQBER VY HFBAX (1),
BwEEH83
z(£) = Jz(2) + T'Vip(s) (20)

& (20) ERBABBTHREIHE, BHE O, » HRILH m;, M BARBR, X4 m,

jmy .



L NES%: KERDSHARGHT ESED 187
« N i, NERBHEERBOQIAERELSS.
BARGELETZEORRE, N HEQO#FRE R G, B
Z(s) = H(:)Q(s) (21)
K '
Z(s) = S:Z(t)e"”dt (22)
Q(s) = T~WH g: ple)e " dr = T 'VHP(;) (23)
HE) = 1 -0 (24)
H(s) B—Asent fiERe, s — AN sE 4% -,1
1 Lo 1
(s—1) G—1)y G=a)ma™ |
1 1 ’ ’," rs
Gy Gy | =
ﬁi,‘(-‘) = (25)
0 .
( 1
! (s —4) Imijxmey
ARNA)T URERROE B R, MDA # TR R, HEER 21)—(25),
WE.
Y(s) = H()P(s) (26)
Hh
H(s) = UH()T'VvH Q7N

BA (7)) T Rx fsEps, i T WM A, BE—MrERRE L=k

B jeerees bii bl
T = : . O
by
b
¥

b{' — 1/a{i :

k-1
by = Z bia{_ /o, k = 2,3, 00000 s My,

Iml

FR AT R MG, 5—REMY

(28)

(29)



188 ) 2 4 EiFd (1989 ) W21 4

B eenene B R
1512 - IR (30)
By 0
34
Hrh
I3 .
y bij_
h;/.=Z(SJ#+l)_I’ h=1,2,c000-" my; Gan
=1 - i
Hit

H(s) = UH(s)T VA

= Z UH; ()T VE
i=1

r .

"y [} )
IO e 32

=1 j=1 k=1 I=1
Bm=m; —k+ 1, vy=g—I1+1
ROCOMBHRELE LEESBRRRVB—BHOERIERERF KRR, MG2)KX
TR K 3, WA BB — R IR R Gk R R iR

r n;, wm;; B
O S duivii g=my,—k+ 1 vemg—=1+1 (33)
fmi jml ket Pwi
Hp
y L pi _
- Y—miti (mled (34
144 MZ:_Z (m — 1)! ¢ ( )

5. R 7E TR Ao 4R T BU15 8 S IR A0 Bk i o B R
BORH 2 A NRE R of HRIERE, ¥ RBEEERZR 20 AT URRRA
B oV BRVERE. &Y S5 UESEKEU,VHERAN
$J MHEY]
U=[¢], V==[_KH‘I’] | (35)
¥ GHRATR(2)R H, TH
(M + 4,C+ K)gl =0
M+ LC+ K) @i = —(2aM + C)i{_, — Mopi_, (36)
== 1,2,ccr, f=1,2,ccem, k=2, 00000 mi;s ol = O
T & NissEBRUBESRE,
YR R S RAR R > XA
x(2) =[O0 Llys) (37)
3 (37)R BRI B 4 (35).(26).(32), R REFH 3,
X(s) = H,(s)F(s) ' (38)



%2y HEHS: KERFHTRAZN XREER 189

HKoh AL RB H.() %
r n;  mij B
H.(s) = D) D7 D0 > kil (P, + Li™) (39)

fm j=] k=1 =1

B W B BREOY
r o 8

G = 3 D) SV g (i, + i) (40)

Bk g=my—k+1, r=p~1+1, $if = O LEHR B 4 R ¥ 5XCG1H(GH
hyE L HRNER, IARERERFHT WERESE of RH NIRBFR
ol = (LP{H + P{EIM(Lel + @i ) — P Kol (4D
6. MR MR
(1) FESEENMIETHRAESL. INREAERENBEARR, SNTR—IH
HELNFEELE (> 1) 3E m =1, HAGHT UESRESABRL THMR
. BEXN INTREE, ENERRRA
0 i3]
vitHg? = 0 i==g], pieg (42)
la i=1 p==g
F R 43 R (39) B bk o i 57 BRER (40) BT BALA
e S g
B =2 2 i “
l‘ if hifH

c,(:)-=22‘} a‘_‘f' o (44)

im1 j=1

(2) WEETH_EBEENSRASL. XRNARBNEHEE 2( =1, r, r+
| PRREERE ’)Eﬁﬁu—‘:?ﬁﬁﬁ3

m"_{ZiQr.. ﬂ;El,m;,»={2 iérl'
lr<i<r, 1rn<isr,
FRI BB Z ARSI ERRKRA

0 i3]

P 0 d .
v =il | i=i<n (45)

ai Rn<i=i<r

¢ 328 DRSS Bk ok i 2 DR U RE 4y B4

ry bi bi o bi 4 . -
H, = {[ 2 + 1 ] 1‘ i dhiH + 1 lr iH + li iH
(€] § s — % =1y ?x(l’l —“‘S —y [e (¢ &)

+ Lt} + > o gigt (46)

i=ry+1 A;

G.() = D edi([8i + 18{1 . idhi¥ + bilepihi¥

fmy



190 H1 &2 % it (1989 ) K21 B

+ LpidiH + LoiF1} + D ifbidpidiE (47)
fmr, 41
# &1

58— LA L UV SRR R A A AR A 8
1 4 /2 36
ME[ 1]’ CE[A/? 6 ]’ K_[ 81]
2 B R A A W E ) 4, = —gifi;ﬂ, SRR 6 )y 5 2k T A

L, B TF—A Yk, ZRAERTRN AEREF N EENSLERAR o], o,
FAGRHF—FRET NFEAR o, o, FEMNAEGER, WR—TBEOT LHFILTEN
BR:

U= [u u u ]

102 x 12
< \
" \ A
) X" — e [
N
EH1 —HaETRRKG KRN
— —
47.08m 15.85m
x=-2
30.00m | 10.00m
20.00m}-
2
51 10.00m}
9| 2.62Tm X e
3 2.0 10.00 20,00 —
bt
&
2| 300.3m .
8 . 113.0mL
&= C
200,0m}- L
100.0m r
0'0 Y ) BT " 0'0;.. " 1 | R Y PR
0.0 0.00 20.00 0.0 10.00 20,00 —
’ Frequency(Rad/s)

B2 SRR G A S 4 AR SRR AR



L 2 ] NE$S: KERIDTRAZH NESEIR 191

—2.5 + 16.9101 —1.5 + 76.9101
5.4801 + 72.4431 5.8336 — 12.4431
1 | G
u, = 9 u, = ’
1.0 1.0
0.0589 — 70.8144 —0.4758 — 70.6636

ui =&, u, =@
AN R WA B, FIE BRGNS IBUIERORER, K krngR mE 1 drihsl
1 iR, ERAENBHNAAREENFIERER o o KR, W bkrd e (mE 1
THR 2 FIR)SEHERERRENAENBAERHEART., B2, A3AHTET
MALNE RBP4, B2 x-1,x-2 BEBERRBMAOMER, BN, -1,
v-2 BB 5 3 RO . IR B4R, B 3 RORALB AR Z BRI Nygist &,

48 .84m 15.54m’ '
+
i |
- ~ _
—46.84m 36.84m —15.54m 5?5‘.54;:1
x-1 x=2 /
—46.84m o _=15.54m.
298.0m 113,0m
v-l. L2
e
~298.0m '29:2'031') l --113.0m

| ~;98 om

EH3 —BHRETHRAZMN Nygist §

£ £ X B

{1] L. Meirovitch, Elements of Vibration Analysis, McGraw-Hill, New York(1975).

(2] HHE,2HHEREMERBRENRIDEE, E K 22M, 1(1980),30—37,

(31 RN, RBERERENIRFIIITMEFIR, 3,(1984), 321332,

41 ). H. Wilkinson, The Algebraic Eigenvalue Problem, Clarender Press, Oxford(1965).

{5] K. EZEZKLF REOBE, SBUARENRDEREE, LB B HRH(1984),

{6] Zhu Dechas, Shi Guogin, The Defectiveness of Linear Structural Dynamic Systems, Proc. of
the International Conference on Computatienal Enginecring Mechanics, Beijing, June (1987),
21-25.



192 h # ¥ # (1989 ) 212

THE GENERALIZED MODE THEORY OF LINEAR STRUCTU-
RAL VIBRATION DEFECTIVE SYSTEMS

Shi Guoqin, Zhu Dechao

(Beijing Instisute of Aeronautics and Astronautics)

Abstraet In this paper, according to the characteristics of linear vibrating defective sys-
tems, a complete set of linearly independent generalized eigenvectors is found for the defective
system. Such eigenvectors many be called as generalized modes. The partially bi-orthogonality
relation between the generalized modes of the original and the adjoint systems is also found and
demonstrated. By use of the bi-orthogonality relation, the most general expressions of the trans-
fer function and the pulse response function of linear vibrating system are derived.

A sample example is given to show the correctness and effectiveness of the suggested ihecry
and method.

Key words siructural dynamics, linear vibrating defective system:, ygeneralized modce.
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