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Abstract: This paper introduces a method for measuring the elastic modulus of cross-ply composite plates based
on Lamb waves. Cross-ply composite plates are equivalent to a single-layer orthotropic plate with 9 independent
elastic constants. The sensitivity of the group velocity of S, Lamb waves to elastic constants is studied. It is
observed that the group velocity of S, Lamb waves is only related to the tensile elastic modulus and the in-plane
Poisson’s ratio of the orthotropic plate at the low-dispersive frequency-thickness products range. By analyzing the
change ranges of equivalent engineering elastic constants for cross-ply composite plates, it is discovered that the
change in the in-plane Poisson's ratio of cross-ply composite plates is small enough to ignore its effect on the
group velocity of S, Lamb waves. Therefore, the group velocity of S, Lamb waves can be used to estimate the
tensile elastic modulus of the cross-ply composite plates, and a mapping relationship between the group velocity
of S, Lamb waves and the tensile elastic modulus can be established. The method has been verified by numerical
simulation and experiment, and the error between the tensile modulus and the actual value of the composite plate
obtained by this method is less than 10%. This provides convenience for the measurement of relevant structural
parameters in aerospace and other industrial fields.

Keywords: cross-ply composite plate; Lamb waves; group velocity; tensile elastic modulus measurement
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Fig.1 Orthogonal laminates and equivalent monolayers
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Table 1 Material properties of composite monolayer plates

Fr A 4t /GPa I /GPa pER /N R /(kg-m™)
E,=80 G,=8 v,=0.1
E, 80 G,~4 v, =0.4 p=1500
E, 10 G,=4 v,=0.4

AT 2 v 2 3] 4 40 JEE AR A A {1 9 FBLESF (0~ 0.8 MHz-mm), S, I8¢ A8 R S8 3 A3 5 i fuft ¥ v A B R TAD PN
TARA L v AH G SV 5 E, RS2 S i iR [ o BT A 0% TE A2 4% 1) 3 Mk 00 R 2, T R0 7 A ] i) 4 52 AR
Y0 L, S, TR B2 A FE T 1) 2 AR R I, LA S (S R s B i E, T NTA R L v, G

X T IE 22 Bl % 2 A AR [0,/90,]c (a, b, ¢>0), %5 & B KN [ (1) 36 4 A4 L 2F 2 F 28, PR 2 45 0 19 kL S
BB AL R B R 2 iR o K oA TR MM E B R M HENLE &, T2 AR HE T 100K IE
T 5L 2 A ARG A S TR R R B, B4 T PN AR R TR R R AR ARYE L, I ER 3 TR . R 3 WK IE
R A AR AT NI AL LG v, 8 A LN T — M IZ AR L 20 0.01~0.3 . HEGIR A58 K& Y a=b
BF, M E SRR AR v, FE RN T 010 T, 1 R ORISR IE AC Al 2 A i S, R R A7 E N H
FA L v, B9S2 o an &l 3 (a) B, BL 0.5 MHz mm #3 JZ R &0 1], [ 8 B, T 028 vy, JE AR B v, A 0.01 72
R 2] 0.3 Bl i S, I B 3 B2 A 38 I A4S 283 m/s. A ELv,,=0.1 B A RE S B S 5, v, 16 AR L TE B
| B AR A /N T 4.6% , A 3(b) ff s o BRI, % 1E 22 Al 188 2 A M, 1T P9 AL RS BE v, 6 S, D R T Y
R A] DL Z W R T

A S50 BT, A AT AT S, I >k Tl 1 22 66 22 52 S M ORE Al 0 S5 A5 Tk AR e, T B A TS, T Y R B
FE 5 A SE R R Z A BE S O R . B 4(a) A T AR FRT 1E 38 45 [n] S 1 A A B g e A
5 SERHEERNCR N T RE K ImANEMRIL v, &R 0.1, AT LLE W, hr s 5 S, U #F
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Fig.2 The effect of engineering constants of a single plate on the group velocity of S, Lamb wave
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Table 2 Variation range of material parameters of single layer structure
PR B /GPa B YIE i /GPa A LE
E! EZ E3 GIZ GI3 GZ3 vlz vl} vZ}
(30, 150) (2,20) (2,20) (2,20) (2,20) (1, 10) 0,0.5) 0,0.5) 0,0.5)




524 I AM,F AT SR E AR AP AR LA AL 0y M ik 89

R3 EXHREANENSNIREEEHTLER

Table 3 Variation range of equivalent engineering elastic constants in orthogonal laid laminates

T N 26 3ChT % 4 /G Pa T N 455805 D) 8 4k /G Pa bER/NEd
El EZ GIZ v12
(22.02, 146.71) (3.33,79.05) (2.4,19.3) (0.03, 0.348)
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Fig.3 The effect of Poisson ratio v,, on the velocity of S, Lamb wave group
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Fig.4 The establishment of mapping relationship cloud map
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Fig.5 FEM model of three dimensional composite plate
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Fig. 6 Five cycles excitation signal

PL P, AP W3 1 A5 S T g ), an T 7 TR L AT LLE B R TS, i RE B E L A, DR B PR A
Z, I AE AL 30 AR b BB B 0 R A o AL 4K Y R BB R L RE B A% 3 2 [H LA 3 Hilbert
A5 4 A% B S, U WA Bk 2 A T S TR B ) A g R g, kB TE S I S, B N Py A B Py i T 3 R
FE AR A5 0 i SIS T LTRSS, A T E 7 L A B R AR A4 1T
2, WU A% OE A2 6 B R A MR RN AR 1 07 1) b R SF R B i Ol 77.6 GPa, 5 BRI SF AL il 8 i E
FTHCEE W3R 4 PR o B B0 45 S WY T A% O Ik 0 T o T R S 58 O SR R AT M

P e —PfE5H
I Y O (L

Y | I
0 100 200 300 400 500
IFIEl/ ps

E7 17mEPPEIAESEMBELE
Fig.7 Signal plots of points P, and P, in the direction 1
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Table 4 Numerical simulation results and theoretical calculation results

:':‘TIIE‘* SR B S5 7550 Ry
i S B sty SR RIS e GRa A%
il & /GPa il /GPa

1 7 194.25 77.6 75.01 2.59 3.45




524 I AM,F AT SR E AR AP AR LA AL 0y M ik 91

22 EWEHITie

T R AE B & A MR AR 2 O X (00900, B B T — A e A [ M S o Al = g RE R
4 700 mmx700 mmx1.4 mm, % & & 1 524 kg/m’ . [5 5 & 4= 2% A JE B OK #% 8 i BNC ¥ & %
e G ERBERGES . B RN (AE)GEGHERESM B RTIEMHEEEN 1. 204 F
J5 1) A% 4 0 =2 W % A5 5, OF 5 R A % B UL S8 0T DR A7 B o B A I i S0 R 48 an 1A 8 TR .

FRE (AE) 5548 V101 1875 He b A

BRE YRR 2 A AR

8 BESENEXKEEE

Fig. 8 Experimental devices of Ultrasonic guided wave measurement
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Fig.9 Experimental scheme of Ultrasonic guided wave measurement
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Fig. 10 Time domain signal diagrams of some points in two directions
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Table 5 Measurement results of Lamb wave group velocity and the elastic constants

J 1] S, HE B /(m - s™) s Py A E/GPa
1 7153.08 74.0
2 7 352.94 77.2

700 mm 25 mm
7_

g

g

2

N
N
B 11 h R iRt 5 sE

Fig. 11 Design and production of tensile specimen
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Table 6 Tensile test results of composite plates

Fr A A 45 SR E/GPa

SR nWEE R

1J718] 27714

1 73.72 71.90

2 91.64 73.90

3 76.09 84.71

4 77.74 71.63

5 81.76 70.44

1 {E 80.19 7451
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Table 7 Results of two measurement methods

v AL 6 I 5 LA AL 5 /GPa S, W I 2 SRR AR i /GPa Y X 5% 74 /GPa FH X 1% 22 /%
1 80.19 74.0 6.19 7.71
2 74.51 77.2 2.69 3.61
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