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Robot assistant laser ultrasonic test system and its parameter matching method
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(1. Beijing Engineering Research Center of Optoelectronic Information and Instrument, Beijing Information Science & Technology
University , Beijing 100192, China; 2. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and
Astronautics , Beijing 100083, China)

Abstract:In order to solve the problem of non-contact and high precision non-destructive test of aircraft composite material structures, a
laser ultrasonic test system based on articulated robot and optoacoustic parameter matching method is proposed. The model of layered
anisotropic composite material is built with finite element method, and the characteristics of the asymmetric distribution and beam tilt and
distortion of laser ultrasonic induced by the layered anisotropic property of the material are calculated and analyzed. The optoacoustic
parameter matching method using laser ulirasonic to characterize the delamination is obtained based on the numerical simulation and
experiment results. In the system design, an Nd:YAG pulse laser with 1 064 nm wavelength is used to generate the ultrasonic signal ,
and the ultrasonic signal is detected by a two wave mixing laser interference system based on photorefractive effect. The exciting and
detecting lasers are transmitted by the optical fibers and projected on the surface of the target under test. A precise six-axis articulated
robot is adopted as the C-scan device. The laboratory prototype of the system was built, the C-scan test of the carbon fiber reinforced plastic
(CFRP) specimen was realized, and the shape, size and distribution characteristics of the simulated defects in the specimen was obtained.
Thus the effectiveness of the test system and parameter matching method is verified. The research results prove that the developed robot
assistant laser ultrasonic test system can realize the detection and imaging of the internal delamination with diameter larger than 1 mm in the
CFRP composite specimen, and has application prospect in the nondestructive test of aircraft composite material structures.
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Table 1 Thermal property parameters of the composite

material used in finite element calculation

¢/ 4 a/ a/ s/
Jokg™ K7D (Wem™' K7D K KK
880 238.6 2.38x10°° 70 0.33
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Table 2 Elastic properties of composite material

used in finite element calculation

p/(kg-m~>) E;/GPa  Ep/GPa  Ey/GPa  G,/GPa
1550 150 10 10 4.9
G,,/GPa G,,/GPa v v vy
4.9 3.2 0.33 0.33 0.44
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Fig.1 Overall structure diagram of laser ultrasonic non-destructive test system
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Fig.3  Photo of the articulated robotic laser

ultrasonic test system
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Table 3 Preset size and depth location of

simulated defects (mm)

I 1 2 3 4 5 6 7 8 9 10
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Fig.6  Micrograph of the laser illuminated area on

the surface of the CFRP specimen
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ultrasonic for the delamination in composite material
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simulated delamination using laser ultrasonic
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Table 4 The size and depth location of simulated defects

measured with the laser ultrasonic test program

(mm)

G5 1 2 3 4 5 6 7 8 9 10

Rf 1.2 3.2 48 7.2 88 3.2 3.2 52 6.8 9.2
w2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
R 3.6 3.4 3.7 3.8 3.3 1.7 5.6 53 57 5.5

Rz 0.1 0.1 0.2 0.3 0.2 0.2 0.1 0.2 0.2 0.0
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