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Abstract In order to deal with the “vicinity effect” in the damage localization of plate structures, this

paper proposes a method based on the modified modal strain energy. Firstly, the relative strain change at

adjacent points are used to calculate the weight coefficients, Then the strain energy in the corresponding area

is redistributed according to the weight coefficients. By defining a damage differentiation degrees index, the

influences of the noise on the damage localization can be evaluated. To verify the feasibility and the effectiveness

of the proposed method, a four edge simply supported plate is used as a numerical example. It is shown that

the proposed method can realize an accurate damage localization in dot, block and strip damage cases, with a

good anti-noise capability.

Key words damage localization, plate structures, modal strain energy, anti-noise capability

FE AR TREUK, A —Fh B E R4
AE . AR U S A RS A A A
FE 5 AL L SRR RE U 3 AR B FLrP R
B AR HE N A B, e S i RE
PO MIBEAL. He B0 75 1 IRsh R MR AT i
SERLAEH W7, WRAR e M| Rt Aefy 2751,

2017-03-29 W EI% 1§, 2017-06-25 W EIME Mok,
1) EZK M A F R H (GCT71-12-001) ).

B AR B RIS AR B ARk, 177 4% i 20t
FUALH] B0, FHLE AR AR A, B i A RIS
IS8 BT AR P4 £ 5 k.

Shi &5 15761 3 1 4 tH 1) B TR I AR B iR %
FEFRAEE R EAT E . Cornwell &5 71 {i F — 4k
ARG BS N AR RE T VAR B T iS5 K. Hu

2) BARM, WEWFseA:, EEMNELE MBI RAPISE. E-mail: liangzhenbin1992@163.com

SIFME: RN, I, SR, B TE IERBES NS R R AR & i e . 1% 550, 2017, 39(6): 585-590

Liang Zhenbin, Dong Cong, Zhang Huaxin. The damage localization for plate structures based on modified modal

strain energy index. Mechanics in Engineering, 2017, 39(6): 585-590



586 g

SEOB 2017 4E £ 39 &

&5 M 4F Cornwell HFFTIIFERE |, & X—A 4
X3, FHBAERR G J7 10 B AR B b ) i 7l
I3 I, R LN TR R T R B € f. Fan
S D21 R RS N AR e M 1 07 e AL S8, il
ﬁﬂﬁ*ﬁﬁﬁ&&$&k%@ﬁﬁ*%%@h%
SENLEER. Fu 55 81 B A N AR 8 7 25 0 A7 45 R
Elj?ﬁhimiﬁﬁﬁﬁ*%?kf} EFi B AR AH N K T )
R (R AR RN ), T8 I 20T F T AR S AR
REAEL A RECK B 1 bR, FERTEL 34T T AN )
BUE RS IEROR. Wed 25 1141 ) 3E o et 1) — 4%
RIEAT AR A E A R 2, AT DA 540 5 B 25
PN

TEMR A A0 e A R, A g9 B A N AR
REJ7 v <RI N (52, A SO SR B0
Jo RS AR e ZE (A A I i Fa br , 2 Ja i 413
G D LTI N AR e ZE (. Z EE TR &R
5, W RIE IR AR A TS IE. FE LADY 2 17 52 R
TR G, 0F s0IR S BRRFNA AR = Fh B0 1)

PERCR BTG, Ak, BRI T P00 e S X 451405 5
A iap- A8

1 EBEitE=

1.1 REVETSN T REfeHR

AR 53 A AU 75 92500 A A e Tk R e I R
AT R T AR RIRR. i N 150 A2 SR 4 i 1
I B, SESRRII R 5 R S A i A A . A
SRV E ARCR A R AL R SRR, SR T T ek
TGN JEERASIUZ5 ey 1 4

SRR AR PR AR 25 VAR E

o= Jl,(5) (5
() (o)
2(1— ) (5;;;) dady (1)

X, U WRIBEESNASRE, A A TEAR R TR,
D = ERh?/[12(1 — v?)] NPT R f” f;wwa

FALL, b B, w M)iﬁﬁﬁﬁu%’ RGP ‘gw
SRS gl . m&mm%m
kL A i
2 2 2
me:%v Hyy:aw 0w (2)

oy

0x0y

XA 0 B ¢, ARATHY R IR AR A2 fiE

D
= D) // K’?cz,i + ’iiy,i + 20Kz, ikyy,it

2(1—wv)k2, dzdy (3)

afyz

AR SF e Ny = N, A0, Wi 17
R ESUBRCRTG (5, k) IR B = {[z),2j41],
(s 1]} WRZHTCER @ B OB N A2 g

D
Uijk = TJk // [Hi;&,i + Kyt
Ajk

2064 Jilyy i +2 (1 - ’U) dl’dy =

Tjk // i jrdzdy (4)
Air

X Dy AT (5, k) WPUSKIE, Dy = D;
Ajie JRCERTTIIR. AU, AT LLE SCA A7 IR 45 4
) B TC AR 2 N AR g

’Lk // rxi
2J A

20K, K9, +2 (1 —v) (K3, ) }dxdy—

T, YY1t

D
- //A i g dady (5)
jk

A R 453 03 i i PR PR OB AR I AR e 22 i SCHR AT FR e

o= 7rd 7T —
Ulz,Jk—Uz,jk ka—

D

5 // (,u?,jk: - Ni,jk) drdy =
Ajk

D

3 ] Gniadsdy (6)
A]‘k

X (6) FRARN TP h A (R T A, H R IKAT R
e MR AL (2 S RIS, R
T%Liif” AR NAR, w1 AR E AR T

ZER SR NFHIR TS, A SCR I Jm — R i3t
Sl 0Tl Kirchhoff B 101 1M, AR -

2
yyz) +

HES Nl e
o
Ex Ox2
0*w
E=1 &y =—z e (7)
Vay 202w
dxdy

bz R S PR g A, B 2 = 2/h.



P

%6 1

#
il
X
4z

7

WA BE bR (KA 5 A4 13 40 2 A 587

1.2 HiAEtRIZIE

A (6) Ji1, I AT R A A R e R AT 5
FATC L N AL REAR A AR R UL SRl
AR ERE T, X4 SR ARy 5 99t B s ok 1)
JRIERAZAL, AT AR 18 S s I A
SRR RN FISEN , T SR A N AR B AR AR X
RNGE SR, NI ARG (4, k) 26 @ Briceon
B, BRIOERS UT B IEJTE.

XTI Py = (2, y0)» 8 XA B AR Y.
AR REX I

i = { |:1‘j_1 +r; T+ T

e )

Ye—1 1T Yk Yk + Y1
2 ’ 2

W 1 AR . € XA Py AR 8 A

Prn i Almn [ER=P= Pj i i} A,Ujk it A

(®)

Aprmn Dftmn >0
Apjr — Apj
dmn = A (9)
Hmn,
0, <0
Apjk

Kb m=j-1,jj+Ln=k-1kk+1. 55 P
AHAB T PY AN 576 B sof B A Fe b el R 3ok 5

nUR = Q5 k+1 t Gj+1.k + Qi1 k+1
nVk = Qj—1,k + qj—1,k+1 + @ k+1
(10)
nPR = k-1t Qj+1,k—1 T ¢j+1,k
nPt = qi—1,k—1+ qj—1,k + qj k-1

id n = nUR 4 Uk 4 yPR 4 DL | §5 UR, UL,

DR, DL 7l &t b, 2o b, AR, 2 FISIe. )
Yy A
T
Yk+1
Yk—1
o Tj—1 Tj Tj41 :

Bl 1 R R R

FIBCEARBRR DX 25 RS N AR BEREA T 70 1
551 Py AHABAIDYAS BT 73 BE I 1) 32 fE K

7 / Apjrdzdy
n Qjk

Ul = (11)
A rs =UR, UL, DR, DL, 2 fCEA b, £ F,
AR, AERIAERSY

XFHIT (5, k), R (11) B3 PUANT 255
BLRIERTT (5, k) HHRINAZ REAESK AT, RIAT45 2158 1) 5
TCIEA N AR REAR AR, HHT AL G I i $eds M DI
N

MDI =UIR+UIPE  + UL+ UL oy (12)

R m B YR B EATVH A, BT (5, k) BT m By
fiths MDI
MDIjy =Y MDI, j
i=1
TG (5, k) WMifebs M DI 3@ AT AR dEAL
MDIjk — MUMDI

OMDI

(13)

Zjk = (14)
L Bje oo A ARSI FRSR MDI HISA(EA
PrifEZE. MKHE SR [7) TR 95% EHE K
WM, RPEFEAR MDI KT 2 (oA 50 B e,
1.3 MEMRFE
SE B IR Sk R I R R R AN T R . DRI

A D ERFFUA SCHTH 7 I BT vE . o R AR RS
it I A 5k O]

g(zv y) = 6(1:7 y) + Prémms (15)

A, & Al e o3 A ToME S N AR s p TS
K o AIMEA 0, T 250 1 IIES AT BER LA
Erms A AR R34 77 AR.
2 BEHlat

DA DY 32 ] S 14D 3 AR A B R B 4B, B F AR ST
FIH& 20 0. FETERRCHY « J5 1A IR B 5 m,
Wy RN 4m, BEEHR 0.04m. FHPEAHRE
BN E = 70GPa, WAL N v = 0.3, MBS N
p = 2700kg/m3. FEHLII> 1k 20x16 AN HIT, B
BTG EA 0.25m. BRI BROCECELRT 3 P4 1
DS R R o an il 2 iR, Lol 1 R sk
B, i Lok 2 AHORS, B4 TOL 3 Ranik



588 g

SEOB 2017 4 2 39 &

Wil LAy o RS B, 3 Tt T
DL T TR 2 O 30%, A IO R JS AT 5
PRSI AT

T3
(176 163-172

)
Fr

S mae
I T 2 (IE67-70, []
[l i 87-90, 107-110) [

5.0m

4.0m

Bl 2 BT BROTRERY R ot A

2.1 BMHEMLER

WA e b MDI & Ar &5 B 5 3k (7] 11
DI FEFRFSCHR [9] 1) DSCF FabrittAT e, 3~
54351k 3 B UL N & ARAR N 45 A AR B R
ot mE. HEW A, DI, DSCF #1 MDI
SARFEARSA I LA AT AR HOR R R R . =
FiFRFRT M DI FEFR N H B3 50 5 A B il
FLSERA SO, FRJE DSCF ¥8¥s, DI fabr iR
WU T BT, AH A5 B I A PR AELAH X
B, XUk, AR RS TU 1 v, dERE R e 3
DI, DSCF Fl MDI —Ffabrfokiik & mr L& IR,
AL F HAB PR 4E R, M DI Fabafifdi ockb iz
KTABITFICH) M DI $8bME, W M DI $5bsn]

TTTT

1

(b) DSCF ff#x

(c) MDI bz

3 LB 1 RURARG IR SR

10
9
8 124
7 10+
6 L 81
5 2 61
4 R 4
I3 27
2 0-
1 4
0 .
i =
(a) DI ffikx
10
9
8 10+
7 8
58
4 Q 44
I3 24
2 0
1
0

10 10
9 9
s 10, 8
7 8 7
6 X 64 6
)

5 5
4 =4 4
3 3
2 2
14 1 1
0 0

(b) DSCF $fhx

B4 Tot 2 BeRar i Un R



¥ 6 RRMWAE: BETE IEREES N AR BRFR AR I AR & M 4 4 5 A7 589
10 10 8
9 9 7
8 104 8 8- 6
7 8 7 6 5
6 & 6 '~
5 2 i«i 5 § 4 4
4 | 4 9l 3

2100 2 i il
3 3 2
2 0 5 0
1 1 1
0 0 0

TTTT

’

|
1T

(a) DI $ikx

(b) DSCF i5kx

(c) MDI 45tz

K5 T8 3 AR U &5 R

DIAT RS BTN (R0, > SEAUA o0
AN PUN GRS
2.2 BREMEMLE RN

T IR SR by

A= SAct/SRes (16)

A Sace AL B AL BT R FVEAE s Sres AR
ZeB A B A LA B A PR d KU

DATHL 1 it o, AKHEHE R FR AR X 145
BRSO E Pk RE. & LT 44 82
/N BIRAR R 0.1, 0.2, -+, 0.6. J 0 AR IE 75 /K
SRR 2%, 4%, - -, 10%. SRR 520
50 K. WEFIKSPN o Bl BGFEREN v 4h, B 6
B 7 TR AR B FR bR N RO el PR £ &
IRECH = .

mE 6 nTLAUKRI, B fFabs HE R BE A
T2 B (1IN FH gt 75 KT (R 1S DR AR 22, o 75 4 A
N ATATREEE (5 2 nT HER R 4% R IKSE R,

Bl 6 PR bR AR

B 7 R AR A i K

MDI Fabrnl LA 20% LA b 16453 400 2k A7 e e
(A > 1). MRS, B 10% R K
BRI 10% B, B4 e R HFR B R AR A
HAH 0.43. I &h R 00 45 Rph e S we v, Joik
HATHII E AL

7 B T ASTR] R 7S KPR A5 R A O
N BERE DL 50 PR R BE T A B A IR
e R, TR BRI A ARG, B
W KO SRS 2 LT 0.4 B, M DI $r¥53)
AT CARR I RO S0 . (R IR KT 95%).

3 & i&
ASCHE T B T8 1E 405 DR B AR s A 4345 e
Pk FHEEERWT:

(1) AR EAARFR MDI 1ERUIR B
PRAHFAR =PRI 453005 00 N 37 m] DAVER 45 7
B .



590 g

2017 4 2 39 &

(2) M DI $5h5 AT LAAT 25 ek 55155 4 N AR B 7 7%
3 RN STy G VA& WA o @ PG (7 7 v R 2l
T RS .

(3) MDI febs BA REFHPTgrEae. X T4
FREEAE 30% M LA BRI OL, 7EE P 7K-F-ANK T 10%
(R1E OL T 2T S BRAERf e . X T R AN T
20% ML, 75 A ZKSP A AR I m PR S 40 7
H.

2 % x #

1 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

2 Bk, FEE. R HBES S RO T B AR S TR RBh
Hubdi, 2004, 23(3): 91-94

3 Santos JVAD, Soares CMM, Soares CAM, et al. Devel-
opment of a numerical model for the damage identification
on composite plate structures. Composite Structures, 2000,
48(1-3): 59-65

4 Goldfeld Y. Curvature rate approach to the evaluation of
the stiffness distribution in plate-like structures. Journal
of Sound and Vibration, 2014, 333(19): 4483-4498

5 Shi ZY, Law SS, Zhang LM. Structural damage detection
from modal strain energy change. Journal of Engineering
Mechanics, 2000, 126(12): 1216-1223

6 Shi ZY, Law SS, Zhang LM. Improved damage quanti-
fication from elemental modal strain energy change. Jour-
nal of Engineering Mechanics, 2002, 128(5): 521-529

7 Cornwell PJ, Doebling SW, Farrar CR. Application of the

strain energy damage detection method to plate-like struc-
ture. Journal of Sound and Vibration, 1999, 224(2): 359-
374

8 Shih HW, Thambiratnam DP, Chan THT. Vibration based
structural damage detection in flexural members using
multi-criteria approach. Journal of Sound and Vibration,
2009, 323(3-5): 645-661

9 Fan W, Qiao PZ. Vibration-based damage identification
methods: a review and comparative study. Structural
Health Monitoring, 2010, 9(3): 83-111

10 Wang ZX, Qiao PZ, Xu JF. Vibration analysis of lami-
nated composite plates with damage using the perturba-
tion method. Composites Part B Engineering, 2015, 72:
160-174

11 Hu HW, Wu CB. Development of scanning damage index
for the damage detection of plate structures using modal
strain energy method. Mechanical Systems and Signal Pro-
cessing, 2009, 23(2): 274-287

12 Fan W, Qiao PZ. A strain energy-based damage severity
correction factor method for damage identification in plate-
type structures. Mechanical Systems and Signal Process-
ing, 2012, 28(2): 660-678

13 Fu YZ, Liu JK, Wei ZT, et al. A two-step approach for
damage identification in plates. Journal of Vibration and
Control, 2016, 22(13): 3018-3031

14 Wei ZT, Liu JK, Lu ZR. Damage identification in plates
based on the ratio of modal strain energy change and sen-
sitivity analysis. Inverse Problems in Science and Engi-
neering, 2016, 24(2): 265-283

15 SRIEER. A5t ri A BRoTik. dbat: Bz, 2016

(e 4 %)

)

(L35 584 W)

8 Unsal M. Semi-active vibration control of a parallel plat-
form mechanism using magnetorheological damping. [PhD
Thesis]. Florida: University of Florida, 2006

9 FRWI, WREEI. N WA AR BOR AR5 P LB R RAT I, 4%
BT RE2AR, 2017, 30(1): 86-92

10 Stanway R, Sproston JL, Stevens NG. Non-linear modeling
of an electro-rheological vibration damper. J FEletrostatics,
1987, 20: 167-184

11 Spencer BF, Dyke SJ, Sain MK, et al. Phenomenologial
model for magnetorheological dampers. J of Eng Mech,
1997, 123(3): 230-238

12 ZFE, 255, BRERHJEAR IO sigmoid BEAY KX I B0 L.
PeBh TREEAR, 2006, 19(2): 168-172

13 Truong DQ, Ahn KK. Nonlinear black-box models and

force-sensorless damping control for damping systems using
magetorheological fluid dampers. Sensors and Actuators
A: Physical, 2011, 167: 556-573

14 Batterbeea DC, Simsa ND. Temperature sensitive stability
of feedback controllers for MR dampers. Active and Pas-
stve Smart Structures and Integrated Systems, 2008, 6928:
277-786

15 /NI, s MATLAB fhEeigs 43 AR 8. Jeat: Jb
SRR T AL, 2013, 20-32
16 Kwok NM, Ha QP, Nguyen TH, et al. A novel hysteretic

model for magnetorheological fluid dampers and parameter
identification using particle swarm optimization. Sensors
& Actuators A Physical, 2006, 132(2): 441-451

(Frizshit: RAL)



