Variation of the Group Velocity of Lamb Wave §; Mode with the Propagating
Direction in the Laminated Unidirectional CFRP Plates
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ABSTRACT

In this paper, the group velocity dispersion curves of the §, symmetric mode in unidirectional CFRP plate
was calculated as varying the propagating direction. The group velocity curve was obtained with the group
velocities of the S symmetric mode corresponding to 0.2 MHzmm under the first cut-off frequency in the
dispersion curves, and corrected by introducing the slowness curve. The velocities of the Sy symmetric mode in
the unidirectional CFRP plate were measured as varying the propagating direction and compared with the
corrected group velocity curve. The measured velocities were good agreement with the corrected group velocity
curve except near the fiber direction which was called the cusp region. It implies that the direction of the
group velocities incline toward the fiber direction of the unidirectional CFRP plates when the propagation
direction is not accorded with the principal axis. It is supposed that this phenomenon results from the
preferential propagating the energy toward the direction with the faster propagation velocity.

KL
i

L slowness = ’“*‘ L-‘,’} 3o

Key Words: #3k(lamb waves), o< Si(group velocity), ©]4(anisotropy), ¥ #l(composites), 234743 2oz
(CFRP)

1. A4 & AHE BEARERP)E Wi nisle] Bzt k7]

wj o) whg), Ak <l ‘”’“Q'/] T ofujFopo] Algo]

AME] ZvpE
HZAE 2vlEAE I

LA A AHE-mail:leejkis9@empal.com)




]

uj

39

<o

fies
=

Py

1.

i

1

el gl

¥

sxo) Wa
ks

=

=
[N

= o)

% CFRPI| A

vl Sy B
23

H

|
E}o]

o]

K

{17]

=

(<

Rose

=

=

A s

u}

ol AR
=4

1.
T

k)

=
o

sel 2

tol ol g ZA ek e

v} 12} FRP

1

P

°

Wi g
gof ul

b=

2

1 9% 2005.
P Q)

e
oy
S|

B18%

’
29

5
¥

= BERYpT = w 8 F 7@ a
R PRk o T W I
po e e
B OTHF = 3 i W oa oo i
. = T - ' L) =
™ AR £ ol Gl = _ H
T . ' = m e < —_— g O o)
- = il x IS -
A N X E = < T0 o \,.u‘.« H
Toaw By i 2o = B E <
W i qm._ . B <r = T o B
w O N T = to i =
X ] EIe el Mﬂ _AO ,_ i . . ot
= o Jl ’ W Rr Jw'; .um.o o & OF = oy
L =) .
—_ xmﬁ ol ‘.Ar._ . 1 WU . o LK = =
= oy Y i b ) |
TS Ry X Agss &
oo o T W ot o~ w W Eal
ol o) ~ & °
i ~ - - —
o S0 ol k) ol X 32 S S N — o}
0 I TR iy b = = oo — e
g W H : " 5 n = ot
T gl J8 W v EEe L0
] BCICE X° IS ra Riey, - T B = -
B X B w5 - [ ~ RIS ry S &
Mo &R w3 s T © Ty L0F
W o B 5 2 O E T T owooog &
o o) N % N i Bo .- i =3 o = LE
X e = o H 30 — %O 7
= B . o ~ N i) E " o m. u“w
Lo s X 0 & W 8& Mo F o 8
B oo A Y T owmm Ny YSErags § o«
i v f H —— 4 R — \ =
e i R T S I om F= oz o OF N
oy H ) I
Bt = A 4 - ° T3 X =%y ¥ T
e . —
wooT T R o s T O
e — o — —_ — e e —
GG H 5 g P ERT T TG i
,&7 ,,Al,mn ”W‘m.Fﬂxa.m i o}
Ea — T B _ T = o
= L . L O 5
Nz B T % o o w o s
e PR Tooa Dy &G e 1
9 ol L o= Loy D
g iy A o 5 =% 3 Jo— A
S 2 i —_ =
TN 4 - =% 2 gy X i
W AT B T S It ) -
<5 s o ‘_..N.o ™~ _Ua o T H l 5 Tod
o H A N W R g Moz o
TaxyTz®R ey e T 5
TR o g 27yt M oop o
o X" ol ARG R =0 o 508 m X8 -
— z° oge = —_ oy = o X . == &
T 5 ) B 9.:' < _w_, .QI & 7o 5 = T 0y DT
o ol . 0 N =X E 2 b
— A o e B gL e J e =3
B PR o EI S R o
ER 4 B - oy PORR G R Mo kO w
-y e 0 - Al 3 = Vo 3 o = F —
4 By NORE e ) 2= o mh X 2 o5
gl I S 0os B S R
N g ok R 2R e ma e W o
I ?Ls o OF = =0 B4 B T T ) 1 .w.uo o
o Mo om0 T we =0
z= O ol o BT R o) e o
o A : =° = .191 o RE o W. = N
B A _ o ]
£ =m FO &R 8 W
>4 R g WY o > e
3 Taa YT B 2 B
i =IO D = » =
2 MU T = o= 5 <
2 W WA HEE DL o




40 o147l dgFole e d B ARG

A #HIANA Yok 2L FdEe AWLEgs Ho 0 Deg Unidirectional CFRP
2 gk, o BEs FoR A4S Hdste] Ag 860 kHzmm
5 — 10 -
= Wgo Ry xbe £F4 g WEs) glong AE Z
#o] go] o] 2 (1)o] EEWHAL g o] A" E
4 -
'S
2
oty = Cukzum =
+ (Cl+ Cek gy + Chkay ) =Y
pwyy, = ngk Uy o
+ (CU+ C ke + Chkiuy, 5

fd (M}?Z mm)

Fig. 1 Group velocity dispersion curves of Lamb wave propagating along

2= B 2 5o 28 w9 e 2] AAZAC the fiber direction in unidirectional CFRP plate.
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Variation of the group velocity dispersion curves of Sq symmetric
mode with the wave vector direction in unidirectional CFRP

plate.
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Fig. 3 Schematic diagram of experimental set-up.
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Fig. 4 Received signals with the pinducer at two different position in
the 8 plies laminated unidirectional CFRP plate.
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