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Synthetic aperture combination imaging of cracks in titanium
alloy based on laser ultrasonics
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(1. School of Mechanical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China;
2. Beijing Semboo Technology Co. ,LTD,Beijing 101312, China)

Abstract: In this paper,a multi-modal combination imaging method based on synthetic aperture focusing technique is
proposed to address the laser ultrasonic imaging problem of internal fatigue cracks in titanium alloy. The scanning la-
ser source method is employed to extract time-domain mode-echo signals from different detection positions. By analy-
zing the amplitude distribution of reflected longitudinal waves and reflected shear waves in the B-scan image,the tem-
poral characteristics of crack echo signals are partitioned and recombined. Furthermore ,inversion focusing is applied
to accomplish the recognition and image reconstruction of internal cracks. The feasibility of this approach is demon-
strated by conducting numerical simulations of the internal crack imaging process in titanium alloy plates using COM-
SOL Multiphysics,and its viability is further validated using MATLAB image algorithms. Compared to single-mode
wave imaging,the imaging method that combines reflected longitudinal wave and reflected shear waves effectively re-
duces artifacts, enabling accurate localization and image reconstruction of internal cracks. The relative errors of the re-
constructed crack positions in the X-axis and Y-axis are both within 3 %.
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Tab. 1 Parameters of titanium alloy materials
Parameter Value
Thermal conductivity /(W + m~! « K1) 15.24
Coefficient of thermal expansion /K ™! 9.41x107°
Young's modulus /Pa 1.1x10"
Poisson’s ratio 0.34

x2 WMEOLSH

Tab. 2 Excitation laser parameters

Parameter Value
Energy density /(W + m~2) 1.25 x10°
Surface absorption rate 0.1
Rise time/ns 14
Beam radius /pum 30
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Fig. 6 Excitation laser heat source function
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Tab. 3 Comparison of SAFT reconstruction results

Crack reconstruction location error
Mode wave
x/mm ¥/ mm x/ % ¥/ %
L-L 7.42 5.48 2.3 4.3
S-S 7.49 5.55 3.3 5.7
L-LandS-S 7.38 5.12 1.7 2.4
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