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Progress in ultrasonic testing and imaging method for damage of carbon fiber composites

YANG Hongjuan', YANG Zhengyan®, YANG Lei', SHAN Yinan®, LIN Kuixu' , WU Zhanjun™
(1. School of Aeronautics and Astronautics, Dalian University of Technology, Dalian 116024, China; 2. College of
Transportation Engineering, Dalian Maritime University, Dalian 116026, China; 3. College of Locomotive and Rolling

Stock Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: Carbon fiber composites are widely used in aerospace and automotive industries due to the characteris-
tics of low density, high elasticity, and better toughness. Due to the complexity and instability of the manufacturing
process of carbon fiber composites and their vulnerability to environmental impact during service, it is likely to
generate delamination, porosity, fiber wrinkle, and other types of damage. In this paper, the principles and charac-
teristics of C-scan, phased array, air-coupled, optical fiber-ultrasound, and laser-ultrasonic testing based on body
or guided waves, as well as the research status of these technologies for damage detection of carbon fiber compo-
sites, are introduced respectively. The most representative imaging algorithms for damage diagnosis are shown,
including total-focus imaging, 3D visualization imaging, tomography, reverse time migration imaging, and
probability imaging method, these imaging methods can effectively realize various types of damage morphology in
carbon fiber composites. The prospect is made from the following aspects: The establishment of an array acoustic
field model of carbon fiber composite laminates, the optimization of damage imaging method, the construction of

intelligent/efficient/real-time structural health monitoring imaging system, the establishment of damage
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quantitative evaluation criteria, and combination of machine learning and digital twin technology for damage

diagnosis assessment and life prediction.

Keywords: ultrasonic testing; ultrasonic imaging; damage detection; structural health monitoring; carbon fiber

composites
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fiber composites
Element pitch/ Numberof Centre frequency/
mm element MHz Ref.
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0.75 64 2.25 (7]
14 32 2.25 [27]
1 64 5 [28]
0.63 64 5 [29]
0.6 16 7 [30]
1.0 32 5 [31]
0.3 128 10 [32]
0.6 32 5 [33-34]
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Table2 Comparison of damage detection techniques for carbon fiber composites
Detection technique Wave type Damage type Feature
Coscan Body wave Hole™, delamination®”, impact Intuitive display and high detection
Y damage'"?, debonding defect"! efficiency
Bod Delamination®®**!, fiber wrinkle
ody wave %
Phased arra Y defect™ Acoustic beam focusing, high detection
Y Guided Delamination®™, drill hole®™, multiple  accuracy, high detection sensitivity
uidedwave surface damage™”
Bod Delamination®”, square hole*"), impact c . i .
Air-coupled ody wave damage”, debonding defect™ ontactless, no coupling agent, no effect
Guided wave Circular defect’™ on material properties
Laser ultrasonic Body wave Circular defect””, delamination’! Long-distance, contactless, high-
Guided wave Impact damage™ resolution, wide-range detection
Optical fiber ultrasonic ~ Guided wave Impact damage'®! Anti-electromagnetic interference,

corrosion resistant
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Table 3 Advantages and disadvantages of two data acquisition methods for 3D image reconstruction

Data acquisition

method Advantage

Disadvantage

1D linear array Low cost

Fast detection speed, high imaging spatial

2D array resolution"!

111

Complex detection process and slow detection speed!"""), low

resolution"?

High cost, complex acoustic beam control algorithm
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Fig. 13 Three-dimensional visualization imaging of carbon fiber composite damage!"'"’
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Fig. 16 Probability imaging results of damage in carbon fiber composites with different shapes*: (a) Trapezoidal; (b) Rectangle; (c) Circular
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