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CFRP damage imaging based on MVDR weighted sparse reconstruction
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Abstract: Carbon fiber reinforced polymer (CFRP) is widely used in aerospace and other fields due to its excellent
performance, and it will be damaged in service. Sparse reconstruction (SR) algorithm can be used to image the
CFRP damage and locate the damage, but the atomic mismatch problem will cause artifacts and even misjudge the
damage. Aiming at the above problems, it was proposed that a sparse reconstruction imaging method weighted by
minimum variance distortionless response (MVDR). The CFRP monitoring area was divided into several grids, the
dictionary was constructed based on the scattering model of Lamb wave to form the SR model with the scattering
signal and the sparse solution variables. Secondly, the MVDR imaging method was used for imaging. Based on the
imaging results, the MVDR weighting factor was constructed to weight the sparse solution variables. Finally, the
basis pursuit denoising algorithm was adopted to solve the weighted SR model, the optimal sparse solution was

obtained and converted into pixel value to realize the damage imaging of CFRP. The experimental results of CFRP
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damage imaging show that the imaging effect of the proposed method is better than that of the SR imaging method

under the same regularization parameters, the localization errors are reduced by 72.9 mm, 77.4 mm and 14.7 mm

respectively compared with the SR imaging method under three different regularization parameters. Under four

different damage locations, the imaging results of MVDR-SR imaging method have fewer artifacts and the maxi-

mum damage localization error is 7.9 mm. Compared with MVDR and SR imaging methods, MVDR-SR imaging

method has better imaging performance, which verifies the correctness and effectiveness of the proposed method.

Keywords: CFRP; sparse reconstruction; MVDR weighting factor; Lamb wave; damage imaging
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Fig.2 Flowchart of the minimum variance distortionless response

(MVDR)-sparse reconstruction (SR) imaging method
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Fig.3 Carbon fiber reinforced polymer (CFRP) laminates

%1 T700 M21 E CFRP $#
Table1 Material parameters of T700 M21 CFRP

Parameter Value Parameter Value
E11/GPa 125.5+2.4 Vi2 0.37+0.08
Ey» /GPa 8.740.1 V23 0.45+0.02
G12/GPa 4.135 p/(kgm™) 1571+2

Notes: E;;, E,,—Elasticity modulus; G;,—Shear modulus; v;,,
v,3;—Poisson's ratio; p—Density.
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Fig.4 Coordinate plot of sensor and damage
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Table 2 Sensor coordinate

Sensor Coordinate/mm Sensor Coordinate/mm
T1 (450, 470) T7 (450, 30)

T2 (370, 470) T8 (370, 30)

T3 (290, 470) T9 (290, 30)

T4 (210, 470) T10 (210, 30)

T5 (130, 470) T11 (130, 30)

T6 (50, 470) T12 (50, 30)

Notes: T represents sensor; The subscript represents the
sequence number.

®3 ML

Table 3 Damage coordinate

Damage Coordinate/mm  Damage Coordinate/mm
D1 (65, 415) D2 (265, 412)
D3 (320, 260) D4 (250, 75)

Notes: D represents damage; The following number represents
the serial number.
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Fig.6 SR and MVDR-SR imaging results under different regularization parameters at D4
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Table 4 Location results of SR and MVDR-SR imaging
methods under different regularization parameters o> at D4

SR MVDR-SR
o? Imaging Location Imaging Location
center/mm error/mm  center/mm error/mm

0.55|lyl3(187.5, 7.5) 91.9
0.75lylI3(187.5, 7.5) 91.9
0.95ly|3(247.5,97.5) 226

(257.5,92.5)  19.0
(257.5,87.5) 14,5
(247.5,82.5) 7.9
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Fig. 8 Damage D2 imaging results
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Table 5 Imaging positioning results of the three imaging methods at different damage localizations

MVDR SR MVDR-SR

pamage Imaging Location error/mm Imaging Location error/mm Imaging Location error/mm
center/mm center/mm center/mm

D1 (82.5,412.5) 17.6 (2.5,387.5) 68.2 (62.5,412.5) 3.5

D2 (267.5, 432.5) 20.7 (262.5, 402.5) 9.8 (257.5,412.5) 7.5

D3 (307.5, 257.5) 12.7 (492.5, 257.5) 172.5 (312.5,257.5) 7.9

D4 (247.5, 67.5) 7.9 (247.5,97.5) 22.6 (247.5, 82.5) 7.9
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