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Abstract The damage thresholds obtained by natural frequency method can be used as a criterion to justify the

usefulness of practical engineering structure. The natural frequency method consists of analyzing the influential

factors of the damage, and a cantilever beam model is taken as an example. Both numerical and theoretical

results indicate that, if the frequency measurement error is known, this method can be used to estimate the

thresholds, during the early period of damage. The thresholds obtained by this method agree with the numerical

results very well.

Key words transfer matrix, natural frequency, cantilever beam, damage identification

it

5l

BEENARBEEARORE, ER. R, BEF
8. ZRUTHRFERESHARBUE RN T AR
. REVGEHRBEMF IR & & AR R,
RIRB AT G SBOEAN S EBIR, FILx 45 K
wRB/LYEE 12

M 20 A 70 FRES, CHERSBMBIRHG
FEwEd, KA RN B A T AP R
ARG ERMERBRGIRIEA M ZFH
HHRIATRG IR ER T 2R R 897
B, ZHBEAERTRMN &R, BARRE
2008-02-28 W B &4 HS.

2008-01-07 W3 1 §,
1) £,
2) THE,

KSR A TASEXZT BB M
TREMIME, Cawley % Pl AT FIHEAHE
A BRI, BE, ERBEHE LR
BRGIH, SHEEARRRLRAD, FRUER
Bt E T R mEAN B, FEIG R B
REAFRAMRGREN, SROTELEE, W
Gt I RAT . A5, RO EENZmS
WG EAR, BHit, FRALERARANIRGR
WRSEMRANEAERRNRE, FHELEMHP
W7 AR R B S5 £ B0 s AR TR e s H 458 B
LB X F—IRENSES, RUAEIE KRR
AT LR B AR s AT RO R I, B SRR

1983 E4:, B, MitHint, NEBELEWsh I¥MA. E-mail: zhe-wang02@mails.tsinghua.edu.cn
1960 &£4:, B, #i%, WL, N\FHUZHE. EX0%E. BEGEHIFEHR.  E-mail: hding@imech.ac.cn



% 2 H

E E%  BERREE R KR AR 51

FTEOH, GROTEMREGIHHEER, IH
HHIBFREANTTS. AICBR T EA PR EETIR
IR BT BB AG T 05 ¥, I ROBE 5T AT DA E T vk
)1 2 - SR LR 4R

1 545 Ay M 5% e R 3% 43 4

TG R HIRA, R AR R FEEE
REFHRENEHREZURMGE T ERRE. B
TR, BB B K — S E AR R LS
BMBEAHRMREHNR. HEAFRRENES
BHRE: SHERSIGEUFEER, INTH
RIKFRNRR, B SEGREHNRGEEER
W= 7ok, HEBBINERETE — HifE
RRZMER LA RMSER—EME. &L, 7T
KBEHETENRESR — R SREERGINHGE
SRS ELRBEZBNEME. SR
URETIEZBMAEEARESR, HFrrblEidscs
A, REBSRESET B/ MG E TR R E.

SRR ETEARRMER, HRERENSUS
KSFREARAPNEELCR R, El, HfE5H 5
AR DERGOME [ X BRERGIR
SIS RRXIFREK, JETL SN RERE
REERGBRE, WEABRKO NS HRAGEA
RIS IR B MK, [R5 560 X I B
MARK. BERGRENKEMREIME, Ba
A RS B X 5 0 IR EX MK,
B w(E"), ZER MR S8 R & Bo b %
WRFE

Ow

UJ(E*) = (JJ(E()) =+ W(E* — E()) + o0
Bp
SE* dw 1
B g 00 W
0 SE*

K bw %@ﬁﬂﬁ%ﬂé@’ﬁi SE™ AR FBALSE L
HIRREXRR, Ty FRPHIER.

HFENRER dw FIREN 60, WISLFRIBE] 55
RBWER Swp = dw + 00, LB FEIIOIRG R
A

SE;/Ey =S8E*/Eqy + 6E* | Eq

AR (1) FHMAF ESBURE AB(w,)/Bo, T
M ]
SE* 5o AE(bwy)
Ey - ow E
Eogge ’

TSR o, RE EEH WAL A5 2ok Hit
— HXREMARRE. FHEX LRFEME LR
5 5l 8

(1) BHERTFM RGPS B R EA B

kA{H, BP
§E* 6@ AE(dwp) _ SE”

Ey E a_w + Ey Eo
oE"

B
Eo

AE(dwp)

k.Ea_“’Jr k- Eo
*9E"

WUGRIRAI, RS
RIHA s dn, — o+ 2200

k:‘EO@:

HEDH R

(@) BEREMAR L R

SE*/Eo NigE m i, Bl m > —F5—+ = £
Bogrs ~

B, AR AT e, —

E’ _
9E*

AE(bwy)
Eo

2 LHtE

2.1 EHRBESEER
AR AR ERER (nE 1 FR), #%
BERK 10m, BEXN 0.3mx0.3m. Ed O HE
A, b ARGXEKE, L, 3 AREBAKAE;
Ey, Ep, E3 XM 3 BRI IRIEE (B8 IRER).
MK HERINER N B, TR E2 = E*. By, B3
AAEREXE, HESFT E ARTEMSERITSE
KIXANOME S HERER E=2x10" Pa, i
At v =03, WK p = 7800kg/m®. i HFH
SRR, BTG EM R KRB A,
BHAR, HX NS KIEE SR

E, E; E3

T I ]

HI{ERP A Fy R BIE.

I s {3
A1 SERERE

SEE P, AR RITREII EA IR E I B A R
{8; MEREEERBSRERTROERR %
BIEFRLR R, AT EHE, AEEREE b
BRI SRS H 10 MFT, RS K 1~10, AT
UG HAERFROME, HHRGREKERE.



52 % 5

O 2009 #F F 31 %

AN REFHER Bo, Iy, b, I3 LR &G54
B, B,, B;.
B 3CHK [5.6], I MRl HFE A

0? ?%y(z,t) ?y(x,t)

9z2 [E T =5 at2

Oz =0

]+M
EITREIRA
Y(z) = L1-A(z)+ Ly B(z)+ L3-C(z) + Ly-D(x) (2)
Hrp Ly, Ly, Ly, Ly J 4 MREESE
A(z) = 5(chke + cos k)
B(z) = %(shkw + sinkz)
Cle) = %(chk:c — cos kz)
D(z) = %(shkw — sinkz)

FemiREE. SREREBME. B ixig a5

_ dY (x)
¥z = dz
M, d?y
EJ - d:c(zm) 3)
Q. d°Y(z)
EJ~  dz3
fihF
M, T -
By = [yo ©o E—3 %] = [y ¢o Mo Qo]T

¥R B AR (2), 3) AT g
B,=K, T, K;' -By=H,(E,,z)- By
K o
Bz = [yz Pr Mz Qz]T
K, = diag(1,k, k%, k3)

A By C;
D, A, B,
C: D A: B,
B, C;, D, A;

¥ Ho(Ez, x) fEAL Eqy ¢ ABEI RS RERE,
TREBIELFENADF LR TIE

T

Qo

£

T. =

oy}

B3 = H3(E3,l3) - Hy(Es,lp) - Hi(Ey,ly) - By (4)

EANFMBMERA O, AARSHEME A
0, HTHRSNM DR NBHEMB S, HAFOMNE
MERAA O, FTLAH (4) MAEFMAFERAED
AT {5 BB 05 B TR [ A R B R AR

2.2 LR

HIXHR [24] , EERHEEHRLEEZL
Swi/bw; (UEBGH BERIRE, SHGRRT
K, WH R TAMNBEOAE. B TARY
16 £ o B AR B T 663 BOAH (5] 6 1 4 0 R 1,
PRI M 50 S S 1 1 L B A RE N 45 R RE HEAT OF
f. BERMR, BT E, S
RIZHIRAD, BN RS R B 0572 BE 1 & B Ik B A
B, SEMRGEEFERNRR I dwi/dw;. BT
WHIRE, BEARENESENZNFE, LHET
MEARRYREZ W ARESH, MRE—EHE -
HARED. R 1 AEISEMEERET 8 N RICATA
MEEHRZ LR, BT 9% 10 Boutitixt
B A PRI REDN, HEENRERA, &
REf S M EMMERSRE, RNHEASH. X
AR AT LU L, RE— AR N EEE L
TEIEHEFRIET R, (ERKAT LR
{5 Brie i i SR MR A TR O B e ST, DRI,
B A 1 B8 T DU D A W PR TR R 1R 4 o B Y
K48, 25 9 A5 10 B or el LLEE mF R AR B iy
WEXBE EhIRSGHARGNENNE WE
RE XL B AW R L A R — P B

R 1 AIFEMEE ETEE

LS — ZHERAEEZL
Bt Y

1 0.2329~0.3200 0.2324~0.3206

2 0.9782~1.0650 0.955 8~1.0500
3 2.1086~2.362 1 1.8641~2.2875

4 0.1995~0.2286 0.200 0~0.228 2
5 0.058 19~0.075 62 0.058 82~0.076 28
6 0.025 96~0.034 53 0.025 40~0.034 91
7 0.01424~0.01746 0.013 04~0.017 70
8  0.008571~0.009804  0.008 333~0.009 732

B EREZE, WX N T ARG
A R E D E - AR R dv 55
BILEM RERSRR 0B XA, 2l
B15E] dw - 0B WA, ARSTRA MR 2 AR

A
n -

Sw=a+b-0E*+c-(6E*)® +d-(JE*)® +e- (6E™)*



¥ 2 4

£ B%: BASRREH B0 EER R 53

BT 0E* =0 B} 6w =0, HHBEILE o ENEZET
0. BREXLFRBOIESTHFIHERAMAREN
e, FERAHBEN « BHFARH 0. BIAALXATF
i HE R TR MR GEE, PR Ah
HAERTHEAKRAREEN AT ERS « HET 0.
A BR IC 15 B 6 45 2 5 3 1R AR 15 31 1 490 2 77 70
£, MR ERE AL TRBP N ERE, ZMW
ESHEHRE BIESTTE EORE) A, BE
AT LLBRE AT, B R TA R R 18 ) B R AR AR
AAEBINAK, BIREREUAGALEEY
RGREE, BREESIGFRBERRERD,
BRERESHRHAPMIKXFRE (H2, B3, B4 AHEE
MEEGERGHRESRGEENXRZMHE.
5 AB=BrAEREREN TEIBMRE) 6T
LR TP RERBEEE W WA, Kt
AR HER 5 R TS

A 2~ B 4 ATLLEH, BIERG 0 B HE.
WA E, TR E A SR AR50
REK/MUIARR. Eigxt bt e B 5 i ah

w— 1 55
— 2 Wiy
A-3 B
v—4 |‘]'|_ i
5 l‘{;_ i

<« 6 L}’{ i
-7 !TI_ T

30 40
b5 /%

50 60

2 B 1 R ERGRE - X ARBK

w195
144, o 2 g
A3 lTx, G
124 V-4 B
5 BT
10+ < 64T
. Aa T jﬁ "
5 84! 3 A AA AAAAA =8 l:‘fi T
A *
I A W Ay kil 9 ¥ e
e ° Addia &y
4 1 A
AL e
2 ‘gegat 'y ®00000%0,0 0000 .
< Vﬁwzﬁ‘ o Y % %% 0sn0t00e)
0_:§3x'=-i!389‘ P T

0 10 20 30 40 50 60 70 80
065 /%

3 H2HMERMEELRNRE - A RMBR

— ] t‘ﬁ TG
25- e *— 2 B5p
\ A— 3 M0
“f v 4 qﬁf yn
20 Il <+ 5 Hp
A »6%@
] ot TR
5 151 [ #....0. *— 8 Hijp
has ¥ QM=
e * *e o 9 Hijg
% 104% | M\M%Fmim
| % |
\ X
1\ 1*& i 0 S ¥

K4 F3MFREGEMOORE - PR FiE

s— | M v 4T e TH
o— oM ¢ S5HEL =8
20 ‘F" i A3 > 6B —e gﬁ.n‘
I A $0_g,0000s0000000080000
A T e ~ 10 %50
w-K*
X (/) o
~ i gt ARk
107 | # ‘***wﬂg'*w" Bt
oK | ¥ *
| »
5 :\ ’RVW»»»»»»»WW et

Fiiiiiitidtevevv

hkokod 155 EAIRAAAAEE
30 40 50 60
5185 /%

0 10 20 70 80

B 5 33 Hrf R e R AR B IR AR i 2

AERFR, ALURH, 7ERshERE T N AR AR X
KB X0 B A B, 35 £ X0 5 2R AR A B 5 i e 3
K. HRERGGEHRETEL 5%, HAH 3 BrF
R, REHE 10 RulRhbERENTREMR, H
fe B AR R DU A SRkt EAR R R, A&

AE(bwp)
k- Ep

SE* o

E°>kan
CSE~

PIRTB DR R0 AR R BLE AT 44 (LASE 3 B i 4 4,
® 2), HREMHB B REY 10%, BEEEIR
EAHMN 5% I, 55 2 FI5 10 EonH R MR GEE
KT 10%, ARMARTRAE, Hbs TR R
ATMREAR 2 P, JFSE 5 AR (F
SEMRTIREM, RTLOREELK 5 X2 )

RIE A UGB T SR ERREEEERG
BEN, SEKIRENERGVHN (DT 10%) &
K, FEMERER—EHE GE 4, B 5 XA



54 hoo% 5

2009 4 % 31 %

®2 BHBRGATNRE

BT ARBGEE (%)
1.43

34.33
4.40
6.51
4.42
8.75
3.77
4.63
1.62

22.95

UEH, EIREKXT 10% i, 3K 2
EATAEREMXE

3%

AR T ERRRERNE—RGHRES
BUOTAR/DIRER, G TR 25505 T
ERTEFRRE. LR IRES, aLEE R
EHOHERBINRARLRE — FHHREEL
AEAAWHARK, BB ERINRRELE
RAZLK, HTEAREHZRSE, SeHU LR
ZR B A A 0 1R £ T 00 6 L

H 45 07 0 B A A R ) R a5 45 0 T A A A
K, SERERY G i B R 8T B O R S R
REmAER D, HiLHSHRTEORBRERR
K, BSCHEA SR E A i S H A B K
BORERK, HAREELRE. FEX B dRRE
HKHE R neB gt T s, MEEHEHER K
MEASE. W THRENRT (T A d%), AR
FIBT KB B R BT AN, HHBNRERF,
SERR R Fp AT DU A5 SR 22 /N BB R 4 BT 2 B
TLEIBR .

O 00 N o TR W N =

—
o

S £ X K

L BERE, i, R B, S BB R B ARGIRAK B
# Jah5rhid, 2002, 21(2): 1~6,10 (Zheng Dongliang, Li
Zhongfu, Hua Hongxing. Present status and development
of the technology in the indentification of the earlier dam-
age in structures. Journal of Vibration and Shock, 2002,
21(2): 1~6,10(in Chinese))

2 ERF, £E. ETHARDBGIRFIBERMFRARKSRE. K

5k, 2004, 23(4): 99~103 (Wang Shuxin, Jiang Zhe.
Present developing situation and research advances in the
field of structural damage detection. Journal of Vibration
and Shock, 2004, 23(4): 99~103(in Chinese))

3 Mannur JS, et al. Experimental damage detection on a

wing panel using vibration deflection shapes. Structural
Health Monitoring, 2003, 2(3): 243~256

4 BEH, FER, PR ETHERMNMLETEIEHARRGR

BEFS. Esh Sk, 2007, 26 (11): 25~40,181 (Guo Huiy-
ong, Li Zhengliang, Luo Le. Structural damage identifica-
tion method on frequency responses and statistical theory.
Journal of Vibration and Shock, 2007, 26(11): 25~40,181
(in Chinese))

5 mhgal, 75, AREM:. rESWE G BEEEN

Wit, 1989. 95~106 (Lin Jiahao, Qu Naisi, Lin Jiahao.
Computational Structural Mechanics. Beijing: Higher Ed-
ucation Press, 1989. 95~106 (in Chinese))

6 XIER, FK, BER%E FAETBEEERBRS 0D EOMMEMN

#HM . FEEM, 2001, 42 (1): 33~38 (Liu Yugiu, Nie
Wu, Wen Baohua. Stress calculation of warship structure
damaged by weapons using transfer matrix method. Ship-
building of China, 2001, 42(1): 33~38(in Chinese))

7 Cawley P, Adams RD. The location of defects in struc-

tures from measurements of natural frequencies. Journal
of Strain Analysis, 1979, 14(2): 49~57

8 Masato A. Structural damage detection by natural frequen-

cies. American Institute of Aeronautics and Astronautics,
1996. 1064~1069

KA HE R, FRAEER, BEHLELM (hitp://www.cstam.org.cn) “ HERHE SHE”

FREFHEAEEEE, YR KN Y.

“NEMNESHE” SLEMCTENERA: BHE,, MEUEES; BRAEaR BN IZEA

x; PELE.

HEEREFONFRERM, WESERATEIEEKR (E-mail: office@cstam.org.cn).



