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Abstract:In Lamb wave damage imaging of complicated aircraft structures, the signal wave packets can
be easily elongated and deformed due to the dispersion of Lamb wave. The signal resolution is then de-
graded and the final damage imaging results could be affected. Lamb wave dispersion compensation has
become an issue needing to be resolved immediately. However, the traditional dispersion compensation
methods usually require the theoretically-calculated dispersion curves of Lamb waves and are hard to be
applied in complicated aircraft structures. In this paper, with in-situ measured relative wavenumber
curves, the compensation process of linearly-dispersive signal construction (LDSC) is performed to solve
the difficult problem of dispersion removal of Lamb waves in complicated aircraft structures. Hereafter,

LDSC is used in delay-and-sum imaging to realize high resolution damage imaging, during which the
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quasi-wideband excitation waveform of 1. 5-cycle sine burst is introduced to reduce the influence of com-

plicated aircraft structures. Finally, the proposed methods are verified by the experiment on the actual

complicated aircraft beam.

Key words: complicated aircraft structures; Lamb waves; dispersion compensation; linear dispersion;

damage imaging

LRI B X 25 295 4 19 25 g £ B 5 ( Struc-
tural health monitoring, SHM)" 2 #5525 18 H 25
HE . SHM % 48 T35 A I B AR K e T A % 45
R FH A A 45 1 e 1) A% SRR/ 3K Bl TC A T 2% o 45 4
AR HEAT S LA, FT AT R 45 4 2 VT
FEARLEd 2% A . Lamb P W 0y vk HoA7 W 7
Bl i T 2 b b Al 5 1 08 XA A0 L 2 a5 g
J5E 00 v e AT R M D T ¥ 2 — o AR T ARAR
KON Lamb A0 25 & A= 9 B i 4B B i HL B
LA IR 1) 1 R, 3 e AR R 2 7 A B
i, T 2545 5 40 A R 47 4 ik 42 JBCa ok IR M, 5
I 25 Lamb i 45 47 i D0 445 2R 64 23 Bk 5 0
JE o SEBRIAS S5 R b R TR ORORE A B A
[] REURE AR A T Sy P, R X S PR A TR S A
FHY Lamb P8 fAMEE BT BAT + 0 B E .

ST BR R RN . N A BIE 5T R Y 2 T
Lamb P45 8RN 19 5 5 A0 3 5% . Hua #1 Lin™
SR HI Ik o R & AL 7 Bk AT ECRNES . B
— TP 5k LA SR e 1 A% AR T A S I A 8 R
155 AT PR . Yuan'™ 8 32 1y T 8 1 e 5
(1) Lamb 3 45080 BR J7 ¥ . Marchi®™ 85 $2 H — b
BE T AR (Y A U 4 Ty . IS 1) A% 1 O i
Hi Sicard 582704 12 7 1 5 TS A% 3 ek AULE
W AR L Lamb 8% 205 5 55 9003 i 1y
23 (A 4 77 A B AR 52 2 Ak S50RT LAY B A5 5 v i 4
BRI, o B )-8 32 ey vl {4 A B
7 AR IR A A5 S5 5 5 WS 4R 2 =0 Ak UK
B e A 0T ¥ R RS R T AL 4k T 2R
ho FESZ B N rp s 3X 28 D 2 07 35 HR i AR
Lamb A8 2 i 48 05 8. SR 52 B e I Ay A =
SE R s A BRET AL . HLR EEAR Y S5 TR
S 2% B e LR AR B AL Z T L AR X
R b 2 U 5 T A

AR SCA R ) P R 0 e 30 80 il £ E AT A IR
B2 MR ST EUE 5 4 8 (Linearly-dispersive signal
construction, LDSC) J5 1 B F T 42 2% fiip 25 4%
L IEEIACT 15 P IE 5X I i /9 HE 587 Lamb J
WRIE o w] LR AR 22 5 A 45 4 X 8015 45 2R 1 52
W] o fi J E LS 52 A Y AL 5 RAL R R 45 4 E kAT
T YR L S5 R UE W] T R T AR R R LD-
SC J5 35 ml LAA R 7 Bk Lamb 35 9 830 50RO » A

82 72 450 PR AR 23 6
1 EFHEXNEEHA LDSC 77k

1.1 LDSC A%

Lamb {5 51 45 Ho A% 4 2 B2 BE A0 32 14 28 1k
AR AL LA T2 1 e 1 1 D B0 R i
MR Z P RO R AT RPN BB BR Lamb J
AR . 2 PEAT AT 5 A4 Al A 30 2o 41 ol 4 1 Ak 2
BEAIEL TR B LR K () WE LG AL Lamb
Befaa M B LB R K (o) D4
PSS 5 AT S5 B AR L S
E2W)

U (1) = TFFT [V, (Q () Ciip ()] (1)
s op (O HEMEIHUE S MR B ;V (o)
Ry D e A 5 A R 3R Gk 2 A (8 B 5 ) 5
Qi (w) = KJIEKlin(w)]§iB’(ﬁ;%l\1%? Cin(w) =
V() /V. [ Qin(w) JIFFT [ o 13878 e 33 306 {8 B -
A, LB R Ki(w) =k T h (0w »
H k=K, (w) by =1/c, (w) s . KO R,
e (w) Sy Lamb AL R (9 HE 3 B
1.2 TR &m0l E 7 E

P B AR TE P 0 AL 46 T 1) b K BE NI

M H IR IE AN
K(w) =®(w)/L (2)
Kp L N EIRIEE 0 (w) £R GBS 5 i (5
5B L RN LA AL = A AR 25 FT DA ISR
Arctan[ Re/Im] Re>0
@, (w) =<Arctan[Re/Im]+x Re << 0,Im >0
Arctan[Re/Im]—7 Re<C 0,Im < 0
(3)
L Re #1 Im 23510 V. (w)/V (w) BY 5258 F0 B
#B s Arctan « [ SCIE Y] BRI A @) (o) 8 HH —n~
e 0 AT AR JE FF AL R i T AR 4R 5
FE7E e LLB A2 1Y 20 (o AT RO R 25, Xt
D, (w) #E 17 A0 AL 8 JF 40 35 15 2 A5 X A5 7 22
' () =D(w) + 2nm, A (2) 15 2 A7 B 50
g
K' () =K(w) + Ak, 4)
X Ak, =2nn/L,

2 EFILDSCH SR HERG K
Fix
A 3C4m LDSC Fi] F 5 %6 48 38 & 0 4% 7



476 [ O R /A S N S ¢

549 B

PN DL R B . BB B N G T R
P AR BRI I 45 ) v A 1 S TR TR B 45 4 B A
X F A5 H AT — & OCa, ) AT HE WA 5 A
JEWR A P, (x, 3G K OB EER R P, (2,,
¥ ) 3K 3o R [ 2 47 b ] Ayt
(x, =)+ (v, — ) /et
(x,— )+ (y,—3) /e (B
e, o WEIAE 5 1 35 O T BB

XFFH N A R AR AR B 5. (0
NP, MP,(m#n, 1<m,n<N) 4 W & Xt
P B 1 BN 5 AR 48 SE R S BR 1k A
fELEF AT — 5 O, ) I RE =TT R
me:&WﬁjﬁiﬁzhmmuwnT

n=1n=m+1

Lo (I’y):

(6)

T W D DX S8 N T A A Y g e (E R O B

AR R A5 BB 5 45 1 45 R P BE R R W

AL RO B . R T R A O MR, LDSC

BB F 5 A% b T O SRR E AT DL A
RDOHHE.

(D
H 50, (DN 5, (DB LDSC 455,

FER (D B — A R A s, () FBE 3T
LDSC #MERL T s, (o) 5 353405 B 5 5 H PR3 #5501
P J AR TE ) 043 TR B A B AR L B T
OIS 5 1 2 BE 3 0T DA 403 AR 1 0 B o s 4
TR EMEGE. BT AR BR R,
S (O F s, (OB H TN LCHE .

3 SCIRIGIE

Bl g5 A A B RS RMLA 22 R (RS
1 300 mm X171 mm X 130 mm) , b B} Z Bk 1,
KBS o 1 7 A BR B, I 1 s . Wi
DX 38k 36 Sk R R M AR A 6 1 B B 12 W X3 A
S ANEIEEHR B Py~ Py 4R B 5. & 1
HhRE LR AE T R o ) B DR AT W D X P ) R R
MR 25 Sy A H B0 00 ) A FROIR 28, O 1 B4R 2R
20 AL 25 52 R A5 A0 %F Lamb 3 W D045 5 19 5 0
FESS 6 IR B 1 b 2 TR W — FOUER B (5 R R i 2
il v S AN ELAR A 8 mum (1 [ B8O A S 45 R 5 R 2
TR AT . R X 3o 1 A R A ST
FAB bR R R HL RS ADLA08 47 78 A b & T 14 o3 A 1
SLAAERR AT B UL 2 FIg 1, LI R A WIEEE
WV &R PXIS002, D) K &% 5l R&E R

5105  H i R ¢ I3 T 5C - F 0 12 )8 B4 51 gt £ 7
EZTBEERE-

UniEl 1 s s R RO — A8 B B I S5 A
{EL 7 M 0 DX IR 3 A A G 1 T i L Oy A R
R EE T 504 I o 45 B — 0 T AR R A 45 4 L X X
S AR/ T EL R T BN S 2 R IR T I
LEAE 2% 2% RH IR 25 A 1 5 D N A 25 # . Lamb 35
W15 PN L T A P S 3 s
ZWIE 5K AT 20 . P Lamb 372 8665
5 VB LR A R B A S A TR E R A
i o 2R T R 2% X L2 K Lamb 5453473 i 00 07
518 B 2R A TRESEHA Hp 14 i 70 [

K1 kLR

Fig.1 Beam of aircraft wing
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Fig. 2 Distribution of sensors and damage in zone 6 of

beam celiac plate of aircraft wing
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Fig. 3 1. 5-peak sinusoid modulated excitation signal
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