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A RRTHEAZ IE R RS T 3 ) RGBT BT, AE T2 IE.
TE LA U AEAUA ROTRAUB IE T 4 Oy — T TR B X By #FE. H
AT, ARITA TR AR LR ARSI N AR, KRdE, FAs
1ERY H By H S A BOE AR B B 0 B A, i S 40 A5 [ A 1
PR, P AR ELSE, — el JRshil G 2 6. AR S2 PRl &
BRI (BIRAEE A, - ) FIFERZAY R (RIRFAERT L X, X))
BIEARAL A AR Ry RS AR R, FHLRRERE AT BEAE [, XA
ZHe AT A PR ST AL IE A, i >R ORI 398 [ A e it
R, RIBBEIEXRAAR, BRAGEITNEARZSH, ACEE
AP BRBIET L — PR T RICLER S IE, M TS
JLEMBEE; MRS ERTNE, DIREEE IS H R, @
H 3 e B R ME R AT AL Z IE.

AR 25 T AN 2 S B TR A IROCARALE 1R J7 T P iy A,
7T UL ELS R A — R, SRR T — MR AR AL IR T
5.

AN AL, P IA I B-ENEE, PHE T IR
AR FROTHAHZ IE MR 7 3 DL R R e ik, 58 R R
3 T RFHEE S R R, BN T ET R AL
BIETri%. BB T 25HEITE, DREHEM NS HHUE, F
B IERL e R AT BERE R, $RH T — P BB IE T L. SRRE
BT,

K  TUEFAE(E; URFILES A AR TRALEIE
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Abstract

Finite Element Model Updating has emerged in the 1990’s as a significant
subject to the design, construction and maintenance of mechanical systems. Cur-
rently, finite element analysis techniques in the field of engineering technology
used widely to develop rapidly. Model updating, at its ambitions, is used to cor-
rect inaccurate analytical models by measured data, such as natural frequencies,
damping ratios and model shapes, which can usually be obtained by vibration
test. Updating the analytical mass, damping and stiffness matrices by measured
frenquencies (eigenvalues Ay, ..., A\x) and model shapes (eigenvectors X7, ..., X)
is the finite element model updating problem, which we will discuss in this paper.
That is also the problem about finding the best closest solution for the inverse
quadratic eigenvalue problem. According to updating different object, there are
many model updating methods. We will mainly introduce two types of updating
methods: One is based on the optimization theory, has used classics dual theory;
Another is a reference based method, using mass matrix as a reference basic and
through minimization of the objective function for updating model.

In this paper, we look back many scholars’ works in this area and give a
method for the inverse quadratic eigenvalue problems. We also develop a new
method for the model updating problems.

This paper includes five chapters. Chapter 1 gives us an introduction of the
background and content about the inverse quadratic eigenvalue problems and the
finite element model updating problems. In chapter 2, we mainly constructe the
solution for the inverse quadratic eigenvalue problems. Chapter 3 introduce the
model updating method basic on optimization theory. In chapter 4, we introduce
the model updating method by updating the damping and stiffness matrices si-

multaneously. Numerical experiments are given in the last chapter.
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r e R FRME x & n 4ELRF i,
A€ RV FRoRFERE A R n x m HSERERE,
A= 0 FRRFEME A J&SEXPRFEIE E RERE,
A= 0. R A J&IEXIFRIE &5 1.

S™ R n B EX PR MG .

St FARIAE n PrEEx R E e A,
Si: SR n PR IE R
Qg := 8" x S x S".

Q:={(M,C,K)eQy: M >=0,K = 0}.

|Allp : F2R5EKE A /Y Frobenius 3540, ||Allr = (trATA)z.
(A,B): 74K A 5 BN, (A B) =tr(BTA), H¥ A Be ™.
Mo(A) : T BEEHT, QCQ, AcQy, lg(A) FR ALEQ LM,

B || A~ Ta(A) = min || A~ X |
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ARRTTHRAUEIE R — I TIEEGER R, drILT4K, A8 A EETR
SRR T RO E RN, FRESMSIY. TREEAR, F94
HAE TR FI, ERRXRTINREN BRI, WEMBIE [13.24] . TR
BARGUE, Efp TRP ARSI, BICRibE AW 3h /1
PR, — By AR A B A SE g AP A, T e AR TR R RIAER
TLIT ik,

HAT, ARITTo R T2, KRl B H i . XFo7E - s
i VAR, FFESE R G FAL T R LR BRI, T SRR R S B R,
AR ITCIT R AL — B S AR AT TR AL B, S (S FROCAR A T S 45 SR 5 5
WEHRZBIFEE RE, B H, HTERESOIRORM R, ATEdH
SR DRI — MWD, AT ErESEESEL TR X 2 AR
SEBBIENIGEEN S AR, (i L RE S MERR AR SERRai A, XA PR TR AL
BIEPTEOT R AR, E AR IE, 45/ M BROTAAL S SE AR AL 2 [ Y iR 22,
A PROTHR AL,

HARZ DI ARG, SEHR VRS 3 1 R G R A EBAR SIS S8
B YR (E A, AR ZHCABF S H A TSR A ST AR EMF T K
ARSI [7,20,29,36,37,39] . BT ANFERY B ) RGO SRR, FH e KRR
W R MR 2540 5 A FERY R, BRI IR FHEE S MR R IE AR 2, A
AL TSR AR R LR, BAR AL E A B O, (HRZRT
UCAF IR W) BB Y fo e, SR S BRI SR PR iy B AL U, B
PR TCARZY A TE A1
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81.2  TIRYHE(ESE (]
ARSI I Z 0 F PR, LR P RTE TRk, 45 R
SEBITNAE, SRR FTIAVIZE Jy—Er BNt A T R AB Y R4
Mii+ Cii+ Ku = 0, (1.1)

Hrft M, C, K € R pRIpkoy R M, FLRREREMNIERERE, we RM A n
BN, i, 0 BN u BRI BTSSR ¢ Y A — B A
LIRMFFRIEN v = XN, 14

(N2M +\C + K)X = 0. (1.2)

KRG TR E R M ™A IRFFEE R (QEP) -
4 M,C,K € RV, RN FIdEZ M X, {#if
QNX =0, (1.3)
He Q\) = MM 4+ XC + K R ZWOR, BN FFER & X 33058 KR
HIRFEE AR E ] 1
FriE IR FHMEES [ (IQEDP) 25 QEP M. AEEE L ok
YRR 25 & R FHIEAE ] @ ) 3 40 sl 2 305 B R s il RE M,CK . A
TREEX VRN R R R 0178 2 OE RN RS
THIRNGE k AFAEERUAE N AT RE W] 1243 51 -
aq + iﬁl? RNe ) + 7:/Bla)\QH-la .. '7>\ka
Xig £1iXar, ..., Xir £1X07, Xoggr, -0, Xpe
FAHE & AMFIEE RS B B

A = diag{\P, AP AP ), (1.4)

2] o B

=B o

H

€ R¥™? B; 40, (j=1,2,...,0).
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MM AFHMERECh X, W
X ={Xur, X115, -, Xin, Xir, Xot1, - -, X&) (1.5)

BARE) IQEP 40T
A EEEXT (A, X) € RP™F x Rk (41 (1.4),(1.5) FrR), K M,C,K €
R, {15

MXAN?+CXA+KX =0, (1.6)

M>0, CT=C, K*~0.

TR, Bl R sh AU EHRSUISS 485 Ek IQEP . F
WE2H AR EMgR T 24280 1QEP([7,20,29,36.37,39] .

§1.3 HBRITTHEMEIED]H

WA BRITCIT LSRG I IEEAT 4 3 S22 Ar, v AR Ry R R R M,
PR C, MIWIEERERE K, . BT B R R G5 i 2 Ta iy B2 R
T TR 5 LRy e, DR A R e o0 AR S S A S5 40 A BR oA AL
A REMERA M S IR SEBR 250 0 2 TG 00, S — 0T, 38 A S AR AT A5 2544
MR (RIRREE Ay, oo A ) RIAHBZRYRA (BIFFER & X0, .. Xg ).

— B, BT AR IT I IR A R S LA R Z AR 2, “IRR Qu(N) =
N M, + NC, + Ko WFFIEEFNRRE m] 2 IR 2 bR R AR AL S AR —
AriRZE, BB IE SR LA SRR AR M, . BLRRRE C, MK
R K, T IE, (BRI M, BB C MNIEREM K 32
LR AT

MM+ X\C+K)X; =0, (i=1,2,...,k). (1.7)

Baruch/Bar-Itzak[3,4] . Bermann/Nagy[5,6] il Wei[32,33,34] ] F S %54 M\
RERIFEHER T KB RS (ie. C = C,), Datta/Elhay/Ram [9,10,11] F
BT IR SO B R, B9 KRR (L TR D R R T
IRRSR (T AR4F A A
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— AR IE M AT kAT
e Mo, Coy Ko € 5™, AREAFFAER (A, X) € R¥F 5 R™F (41 (1.4),(1.5)
KPR ), K M,C K € R, ffif5

. C1 Co 1
min E || M_Ma ||%“+§ ” C_Oa ||%“+§ || K_Ka ||%7

st. MXA* +CXA+ KX =0, (1.8)
M>0, CT=C, K *+O0.

XHEE) ¢, c0 AW PNIERISEL,

XE—NEZDFEIRA A, KITERBHMEER SR, e
R FTTI BE 0E , HC L T PR 2 o B AR IR AL TR R R T S8 1. TR (2] 80y o
TZERIRME R, (R S e, W ABIRMEERA 4157 1%,
FLEIE AT AR LR £,

ANFEZRBIR B0 R Gex B A e, PSR AR B AR A A R Y BER, Bt
B AME ERBA R 2 &L, SOk [37] 3 1 Al R AR (R [R] Y
HOODREXS PRI TR, JEARDE T H ORI PRI 3 BB IE R, Baruch[3,4]
oA S CBH R 4540 R 48, b T 2% H 7% (reference basic methods) ,
HEAREZE: U—1NSEAEN RSO  S 5, XA EEDUZ R, N
FEEM AR IRAY, AR5 i H ir s By S/ MESEFEATREUE IE, SRR [3] 2 H
mingd || Mg (K — K,)M? ||} SEERIRR, i M, BARERERE, K,
SO AT I B R

XTRLE M 3h 1 R S8, WERLUREAE AL S TUE, AT TH AT A
EARE ERL R AR AW BERERE [13,21] . BB oA SRR M M, BHERR), H
Bl M = M, , MWEHFTBEETTRE T /b

1, ~ 1 _ _
J= 5 I NTHE = KN 3450 | N7HO = CONT! 7
st. MJXA* + CXA+ KX =0, (1.9)

ct=c, KT = K.
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Hof N = M?, j RAESH,

BB R R M, R —R RS E R ER, RiTH SESEX ik
S MR M I TE, PRI B0/ 16 T LU R 4 . A S
SOk [21] B FER B S T R R E i,

RIS AL T 5 SR R (. 5= S R LR
TR TE A 52 0, Ak T — R BB TE [, S5PU224r 8 T R TE LR
S R A TR TE 770, 4RI T — iR Ty o, 85 2 B

L.
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FIE BRBEESEE

X —ERATER MR —FRFIN IQEP(1.6) , SCHR [20] R E#XT IQEP 2
FroRfg, 7 PAENI R K BIEE, 400 — R EmBUs i g M Az
IR RTTRIE Z N REME, ARG H BRERIAK, 2 HEREA
T, THEBAG H—Fh BRI BRI, WEl IQEP A, RIEL € nik(E
B(AX) € RPF o RE (4 (1.4),(1.5) RBR ), FATATRASK H IQEP f#— i
fift, AR RS A E—1Y

Fext X AE QR o
R
X=Q , (2.1)
0
Het Q € R BIESZHRME, R e RV BIEar 30,
8 (2.1) XA 7R
MXA*+CXA+ KX =0. (2.2)

AT EMHFETEU QT , 5

Q"MQ [ i ] N +QTCQ

Jreenel ]
A+ QTKQ —0. (2.3)
0 0

NG HE IR — M, R

RR™-1 0
=g | ] Q" (2.4
0 I
_ p-T T p—1
COQ[ RT(A+AT)R OIQT, .
0 0
RTATAR™ 0
Ko=Q . ; } Q. (2.6)
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EATEREE: IQEP g REEE M » 0 RIS M = 0 Jefes. 11
WLQ:={(M,C,K)€Qy: M>=0,K =0}, Hrr Qp:=85"x 5" xS" 52k L,
mE (M,C,K) € Q BHE (2.2) (i, WAXTIEZERN o >0,
(M + OéMo, C_: + OKC(), I? + OKK(])

1% IQEP {1

THEkAPERFRE (2.2) g (M,C,K), 3H (M,C,K) € Q.

BY = [XT, ATXT] € RO | N(Y) FRERE Y BZEM. |T X 25
WERREY, N(Y) B4 2n — k. B UV e R | |

U
Vv

HIRTE SRR N(Y) #y—42, BIRLR 7RG

c R2n><(2n—k)

(X7, ATXT) ALY 0. (2.7)
%
s IR (2.2) BIfEHN
M=vvT (2.8)
C=uvT+vuT, (2.9)
K=UU", (2.10)

REWAE, (M,C,K) € QR (2.2) ik,

TIE 2.1 EIEE b AMEREXT (A, X) € RFFx Rk (411 (1.4),(1.5) KPR,
WUV EFR (2.7) B— MR, o FEBER, (Mo, Co, Ko) (4 (2.4),(2.5),(2.6)
AR ) & IQEP M— Mg, R4 IQEP My —fifigh
M =VVT 4+ aMy, (2.11)
C=UVT+VU" + aCy, (2.12)
K =UU" + aK,. (2.13)
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