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In-situ stress measurement method for composite plate based
on air-coupled ultrasonic Lamb wave
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Abstract: To realize the in-situ stress measurement of large composite plates, an air-coupled ultrasonic stress measurement method for
composite plates based on Lamb waves is proposed. At present, due to the severe impedance mismatch of the air-coupled ultrasonic
transducer, energy loss is severe, and the air-coupled ultrasonic signal is relatively weak, making it difficult to accurately extract
acoustic features. Meanwhile, the application of the air-coupled ultrasonic Lamb wave stress measurement method in composite materials
is still in the exploration stage of theory and experiment. The Lamb wave acoustic elastic effect of carbon fiber composite materials is
explored through experimental methods. According to composite plates’ the phase velocity and the optimal incident dispersion
characteristics analysis, the center frequency of the air-coupled ultrasonic transducers, and the excitation method of the relatively pure
A0 mode Lamb wave is determined. The accuracy of sound time extraction is ensured by a good signal-to-noise ratio of the spatially
coupled ultrasonic Lamb wave. To evaluate the effectiveness of the proposed method, seven different tensile specimens are obtained along
the fiber directions of 0°, 15°, 30°, 45°, 60°, 75°, and 90° for stress measurement. The experimental results show that the
measurement error is less than 8. 1 MPa in the range of 0~ 100 MPa, and the measurement repeatability is 7. 5 MPa. This method has
significant advantages in measurement accuracy and repeatability and could provide an advanced and feasible technique for in-situ stress
measurement of large composite plates.
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Fig. 1 Three states involved in stress measurement
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Fig. 3  Unidirectional tensile test specimen of CFRP plate
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Table 5 Stress measurement results with seven different fiber directions MPa
0° 15° 30° 45° 60° 75° 90°
N T
ME(TSD) ME(TSD) ME(TSD) ME(TSD) ME(TSD) ME(TSD) ME(TSD)
10 2.41(3.24) -3.26(1.44) -1.87(4.26) -3.16(1.74) -4.21(5.35) -8.11(4.52) 0.59(4.29)
20 -3.08(3.42) -5.03(2.95) -1.57(3.07) -2.74(2.23) 2.60(1.81) -0.72(2.72) -0.25(2.82)
30 -2.22(3.27) 3.94(1.50) 0.84(2.38) -0.43(1.55) -1.56(4.41) 1.50(5.49) -0.56(1.20)
40 -7.95(6.18) 2.97(0.73) 2.37(1.11) 4.37(4.55) 2.13(3.25) 2.05(6.32) 0.07(2.36)
50 ~1.85(1.44) 5.03(2.20) 1.98(2.91) 1.05(1.80) 0.44(2.37) 4.07(7.54)  -0.20(4.97)
60 -5.22(3.60) 1.62(0.90) 5.04(2.42) 2.66(1.21) 5.43(1.33) 2.00(7.31)  =0.09(3.87)
70 1.35(2.31) ~1.52(1.26) 0.37(1.06) 3.24(1.55) 4.23(1.49) 0.86(2.85) 0.59(2.25)
80 3.41(1.83) 0.41(1.81) ~0.62(2.67) ~2.86(3.19) 0.30(1.34) ~1.93(5.92) 0.19(2.11)
90 1.26(1.59) -2.83(4.96) -1.75(2.31) -1.59(3.34) -3.41(3.08) -0.95(2.84) -0.08(3.25)
100 -2.14(1.05) -1.34(1.59) -2.37(2.10) -3.15(3.47) -6.29(2.93) -2.01(4.62) -0.13(1.75)

1 : ME ( measurement error) ;

TSD( triple standard deviation)
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