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Measurement of Elastic Constants of Metal Foils by Laser Ultrasonic Method
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Abstract Elastic constants are important parameters to describe the mechanical properties of metal foils. To
accurately measure the elastic constants of metal foils, a nondestructive testing method is proposed based on laser
ultrasonic technology. First, the inverse problem of elastic modulus calculation is solved numerically. Second, the
ultrasonic fields excited by a pulse laser on 20 pm thick foils of Mg-Li alloy, 304 stainless steel and 6061 aluminum
alloy are calculated by the direct coupling finite element method. The simulated Lamb wave speed is brought into
the numerical calculation program to get the calculation values of elastic modulus and Poisson’s ratio which are
subsequently compared with the model specifications. Finally, the effectiveness of the numerical method for inverse
problems is verified by the experimental measurement of aluminum alloy foils. The results show that the elastic
modulus and Poisson's ratio of foils can be accurately obtained by the numerical method. These results provide a
certain reference for evaluating the mechanical properties of metal foils through the measurement of elastic
constants.
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Material parameters

Material Density / Elastic Poisson’s  Specific heat capacity / Thermal conductivity / Coefficient of thermal
ateria
(kgem ?) modulus /GPa ratio [JeCkgC) '] [We(meC) '] expansion /(10 °«°C ")
Mg Li alloy 1480 40 0.32 449 80 21.8
304 steel 8000 193 0.29 500 16. 3 17.6
6061 aluminum 2700 70 0.33 900 238 23
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Fig. 1 Lamb wave dispersion curves in 20 pm thick Mg-Li alloy. (a) Phase speed; (b) group speed

M T R] DL A M A RS L I 7N
[ AN (A G . B T MIEE Dy 20 pm,
L VORh H R 22 e A A A R DR 9 R AR A
22U SO A0 KA, JF H L ARSE BT Y 22 1
W SO 25 40T /N B TE A .l oK R 2 R ik
R 5 1 R L A 00 5 R R O AR L X E D Bh g oF
@ T [ R . HR AR SO B i TR] A )
2 I U R SRR S BF 1 B M AT R RIA AL HE L X
J& 36 ) SR e . Fy T n) Y OR i AR B
T T DRGSR i 2 SR 2 A AR 2 LT A RN 25 SRR
FERERAE N L, Ry Tk G 4 oR A 3R], AR S
K FH B SR e 30 Im) J50, FH 0y B D95 28 5 IR A
iz BN i SR i S5 5 1A
2.2 HEXRBIZBEEEH PEBEFENY OE

IR FE R 20 pm (W EEEL & 4 0 B, BU R
1 MHz, 5EFED K 0. 02 MHze mm , 24 5P A5 725
45 % , BRI i P A i A2 AL Y Bl O 38 ~ 42 GPa B,
A7 FLAR AT (] B i 5 1153t 22 ik So A
T ARl 5349~5623 m/s. fx RREHE BE 5 i /D
BRI 22 ME R 274 m/s; MIAM LA £550, B
TAAN HE AL Y8 Bl 0. 304~0. 336 I, # H AR AGE 7]
IR e FR P 1A 22 Il SO AR 1 B R B AR LN
5457~5519 m/s, fe KHE B 5 e /N BF B 1Y 224
62 m/s, AIHZEMEIEEHZMEMN 4.4 F5, k]
SIR(ER/NIE D i 93 A U= T E S NSNS /AN = R f e

Y SO A0 B B AR IR 2 s, AT RIA RS F Y
AT SO AT B AF Y X i sl Rk 5 45
B AR SOR I I ok vk 5 97 AR IR A TS Ok
A7 P H B0 1) A SR i HAR AR AN AT 2 BT .
F 2 PR 40 GPa FERRIJA R LT 848
B AT S0 A0 B Y 1

Table 2 Group speeds of SO and A0 modes in Mg-Li alloy

foils under different Poisson’s ratios when elastic

modulus is 40 GPa

Poisson's  Group speed of SO Group speed of A0
ratio mode /(m* s ) mode /(m* s )
0. 304 5457 1557
0.315 5478 1559
0. 326 5499 1561
0. 336 5519 1563
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Fig. 2 Calculation flow chart of mixed calculation method
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Fig. 3 Schematic of finite element model of laser ultrasonic
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Fig. 4 Time-domain curve and spectrum of ultrasonic wave received at 12.1 mm from surface to loading center.

(a) Time-domain curve of ultrasonic wave; (b) spectrum of SO mode
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Fig. 6 Results of two-dimensional Fourier transform. (a) SO mode; (b) A0 mode
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Table 4

Parameters obtained by simulation

Density of foil / Group speed of SO Frequency of SO

Material Coupling mode Foil thickness /pm » B
(kg *em™ ™) mode /(m * s ") mode /MHz
Mg-Li alloy Direct coupling 20 1480 5467.0 1
304 steel Direct coupling 20 8000 5128.2 1
6061 aluminum Direct coupling 20 2700 5381.1 1
£5 HHERBHMESE I RE
Table 5 Calculated material parameters and errors
Calculated elastic Error for elastic Calculated Error for
Material
modulus /GPa modulus /% Poisson's ratio Poisson's ratio /%
Mg Li alloy 39. 84 —0.40 0.315 —1.56
304 steel 193. 05 0.03 0. 287 —1.03
6061 aluminum 70.08 0.13 0.322 2.42
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Fig. 8 Schematic of excitation point and measurement

points on aluminum foil
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