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Lamb waves have received a great attention in the structural health monitoring (SHM) societies
because they can propagate over relatively large distances in wave guides such as thin plates
and shells. The time-of-flights of Lamb waves can be used to detect damages in a wave guide.
However, due to the inherent dispersive and multi-mode characteristics of Lamb waves, one must
decompose the Lamb wave modes into the symmetric and anti-symmetric modes for SHM
applications. Thus, this paper proposes a decomposition method for the two-mode Lamb waves
based on two rules: the group velocity ratio rule and the mode amplitude ratio rule. The group
velocity ratio rule means that the ratio of the group velocities of fundamental symmetric and anti-
symmetric modes is constant, while the mode amplitude ratio rule means that the magnitude of
the fundamental symmetric modes of all measured response signals should be always larger than
those of the anti-symmetric mode once the input signal is applied so that the magnitude of
fundamental symmetric mode of excited Lamb-wave is larger than that of anti-symmetric mode,
and vice versa. The proposed method is verified through the experiments ducted for an aluminum

plate specimen.

Key Words: Lamb Wave (Lam Z}), Lamb Wave Modes Decomposition (Lamb It £ = %) Structural Health Monitoring
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off &4de] wAste] 1 A&t HAk A
Eo| I EHA Azt A}avt
oA FRE A e &4
3 g = AAAQ X
HeE@dgd s B8 & e 72F 1344 2YH
% (SHM, structural health monitoring) 7] ol th3+ <
T7F A GLsHA o] FoA 3 Ut

Lamb ¥}(Lamb wave):= ¥ #o|i} A(shell)d 2
< g FxREe TAEY dAIete B TEA]
AsAg 7y 4dsl Ak webA, Lamb 97 2

=l @ol & %51 ATkt

1960 Aol Viktorov? 7} Lamb ¥}2] 1-H-54¢l
o] }(dlsperSIon)E“i} U5 2 E (multi-modes) 54 &
Falolth o] %o Ing ¥} Fink® 7} Lamb 3}2] Al

7 (time- reversal) J/} AL o] f3E £AERH] )
Aekak 3L Wang 5 42 Lamb 3}2] A| ZkdbA
141 ‘:ZE] 7321 5 (damage  signal) = -E
3 O]U]‘]ﬂé}‘ﬂ HEeE olud 719
2789tk Sohn 50 A

AME AHE3Fe] Pitch-catch

oxt o rm ruN'
1‘
(o5

2

R

ox
- o

(imaging method)S-
ZHPZT) 5ol o] E <F



ror

I USS3X M 29 ¢ 8% pp. 887-895

August 2012 / 888

HOoRE 543 Lamb 7} AT ZFEH &S E &
Z3ta oldf] EFHAEARE A&t 48 4
Z3h= 7S AASY ol AT P &
T EEHAE flste] &l wAET] o] Hel m
2] SA3T 71T A S (baseline signal)E WH=A] I
82 QY. oy EHTS A 98
NNEAEE Bew A e AEE 7IHEe] o
g AFAE o3 HE wxHIL ok dxF
ol o2 Park 5 °T} Sohn 5 72 UdHNT F
ol &23d o3 ®WsltEittE AMdE &85t 7
TAE7F B8 §lE Lamb 3o AIZE-wEd o33
%41 3L (pattern comparison method)= AF-&-3=
7IMS Aetetd. HZol Go ¢ Lee! Lee 9

Choi,” Jun & Lee'® 52 Lamb 3¢ AJ7--wkA 3}
S ol &3ty AW AHE dialste] &4

z
ol 7IWME AEs= AMEE SHM 7IHS A7

= Als =5
Egdoz <ty HAANZ o TFgE FB
Lamb 3 EEZ(modes)E TE3t= Zo] oz A7
etk 53], oluA WS Agste AS &

Lamb 3} B =29] H]A]{H(time-of-flight) &2 -8 7 3}
A E AbEdok sted ol YsiAE 2 Lamb
3} B=o] IF 4 E(group velocity)E &olof shaL
ol d'F Lamb I} RE=7F o) 3 (symmetric) B=<1
A ol H| A (anti-symmetric) =912 S &
sHAl TEEE e AAR gk

i

Aot 22 ol E Lamb 3 EE=E FE3H7] 9
3 A7 2 A B S o)g) o]Fo]x n}
21t} Luangvilai 5 "' & Lamb 3}¢] o454 A4S
i gtk RSl AR bE T AR A =
B ATE AHEE S RESH Ay REE TS
Ao Xus e 29 ‘matching pursuit] & Z&
s WS Aoksit) 3 Sohn T P2 593
FeE A" sALEY  hHAaA w3

(transducers)& &-&3l= 7IHS AUl
B =R s 71Ee] A P eA A
t%ﬂ H] 3 iu} A3 MO F Lamb 9o S, &

fo 1 -

2.Lamb o9 §4

AN 5o Fiubpol] uwEl st
HrE= :r“éﬂtq 53“39] FTA WS 7R O
A Ze Uiy EEe vgiy EER FEE
27y S, 3 A, (n=0,1,2, ..)0= YERT 4uby
O F Lamb 9] Z} R = Feo uel Zbr] o
2 IFE5EE Z27] wiol| Lamb Tt Adbs| v
Td 2 el wWglstE oAEAS BT
Lamb 3}7} Zt= o]#f gt o|4lEA I bYFsrRE 54

< Fig. 1@ EQl &¢FvyF F3bol g o]k
A (dispersion curves)S Faf golg 4= lup 20
Fig. 1(a)°l RSl o]t d o 2K E ¢ 500 kHz
olgte] FaFo e F /e 7]E Lamb T RE
= Ay 9 Sp BERte] AEtaL 1 o] FIh
M= 3 7] o]AY H=rh BATS o = 9]
A E Lamb I BEVF e A olitEHo=
st EFHAES AT A5 A Tjrxéo =
HA ok webA, Giugiutin 7F 12 o]
FiFE 2 ddste] P ?3:%011 Ay %t
culo] MASIEE o 2X EAAZe] &8
=Y F AT} Fig. 1(b)= Ay & Sy B=9 A
INe Fug9 42 T=A% Aol
AR Fhpe Aol et A,
Zo) 7)) uE 24T + AL
Mol 712 RE 718d &4AE
2/t gides 245 A%

r%
=
o
iy

s}

o g
=
ol
By

°]
Sy =9 2
=
° -
[e)

@er so
E, sf s1
£4r A0 _—-""—'(\
83 Lo--" g <
o - J T
:_ 2 i I"
=]
o 1r 1 A1 s2
[GH] H " N
0 500 1000 1500
Frequency (kHz)
(a) Dispersion curves

:1
§ A0
®
°
o
N
©
E
5 S0 /\
z

0 . N N

o

500 1000 1500
Frequency (kHz)

(b) Amplitudes of Lamb wave modes

Fig. 1 Dispersion curves and amplitudes of two
fundamental Lamb wave mode in a plate
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Table 1 Process of searching for candidate couples
Peak

o @ @ ® 6 ®
number
4 (ns) 39 71 130 170 259 322
=ty ws) 71 128 234 307 468 581

Table 2 Application of the group velocity ratio rule for
Lamb wave modes decomposition

Candidate couples Couple?

Sy mode Ay mode r‘, (Yes/No)
Peak @ 39 Peak @ 71 1.81 Yes
Peak @ 71 Peak @ 130 1.83 Yes
Peak @ 130 Peak ® 259 1.99 No
Peak @ 170 Peak ® 322 1.89 Yes
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Table 3 Application of the mode amplitude ratio rule for
Lamb wave modes decomposition

Candidate couples Couple?

Sy mode Ay mode 1 (Yes/No)
Peak @O 0.07 Peak @ 1.00 0.07 Yes
Peak @ 1.00 Peak @ 0.07 142 No
Peak @ 0.07 Peak @ 0.28 0.25 Yes
Peak @ 0.09 Peak ® 0.16 0.56 Yes
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Table 4 Application of the group velocity ratio rule for
Lamb wave modes decomposition

Candidate couples

7y Couple?
Sy mode Ay mode
Peak @ 39 Peak @ 71 1.80 Yes
Peak @ 71 Peak @ 130 1.83 Yes
Peak @ 172 Peak 320 1.87 Yes
Peak ® 208 Peak @ 395 1.89 Yes

Table 5 Application of the mode amplitude ratio rule for
Lamb wave modes decomposition

Candidate couples

7. Decision
Sp mode Ay mode

Peak @ 0.10 Peak @ 1.00 0.10 Yes
Peak @ 1.00 Peak @ 0.15 6.66 No
Peak @ 0.15 Peak 042 0.35 Yes
Peak ® 0.03 Peak 0.55 0.05 Yes
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