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Progress in application on health monitoring technology for aerospace composite

structures

LIU Qingxu"?, CHEN Haifeng®, BRYANSKY Anton ', XIONG Jian"?, WEI Xingyu "
(1. Center for Composite Materials and Structure, Harbin Institute of Technology, Harbin 150001, China; 2. National Key
Laboratory of Science and Technology on Advanced Composites in Special Environments, Harbin Institute of

Technology, Harbin 150001, China; 3. Beijing Space Vehicle General Design Department, Beijing 100094, China)

Abstract: The increasing utilization of composite materials in aircraft necessitates increasingly stringent safety
requirements. The hidden nature and complexity of damage to the composite make predicting failure modes and
service life challenging. Consequently, real-time monitoring of structural responses, state information collection,
operation evaluation, and damage and remaining life assessment are essential for ensuring the safe and stable
operation of aircraft structures. This paper first provides a brief overview of the application of composite structures
in typical aircraft structures and the research and application of composite structure health monitoring technology.
It then delves into common structural health monitoring techniques, including the research progress of optical fiber
sensing monitoring technology, ultrasonic guided wave monitoring technology, acoustic emission monitoring
technology, and electromechanical impedance monitoring technology. The application of structural health
monitoring technology in various spacecraft structures, such as fuel tank structures, thermal protection structures,
engine structures, and wing leading edge structures, is also analyzed and discussed. The research progress of
typical structural health monitoring technology evaluation methods is analyzed and summarized. Finally, the
development trends and challenges of aerospace composite structure health monitoring technology are discussed

and summarized.
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Fig. 2 Principle, classification, application and development of structural health monitoring (SHM)
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Table1 Classification of structural health monitoring technology (SHM)
. N . . Monitoring
Physical principle Technique Main sensor type Range mode
i X Strain-based methods Fiber optic sensors Mid-range Passive
Continuous mechanics L. . .
Vibration methods Accelerometers Global local Passive/active
Guided waves Pb(Zr,_,Ti, )O3 (PZT) Mid-range Active
Elastic waves/waves propogation Acoustic emission (AE) PZT, AE probes Mid-range Passive
propog Phased arrays PZT Mid-range Passive/active
Ultrasonics PZT/laster Local Active
Electromechanical impedance PZT Local Active
(EMI)
ici i Carb tube (CNT)-
Electricity and magnetism Electrical impedance tomography arbon nz?no ube ( ) Local Active
doped resins
Eddy currents Eddy probes Local Active
" itori
Fluid dynamics Comparative vacuum monitoring Patch with microchannels Local Passive

(cvm)
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Fig.3 Main modules of optical fiber sensing”
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Fig.5 Brillouin optical correlation domain analysis (BOCDA) system:
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Fig.9 Scattering effect of CFRP laminates on Lamb waves
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FEA—Finite element analysis; L—Length of the sandwich shell; R,—Sandwich shell inner radius; {—Skin thickness; i.—Core height; P—Compression
load; R,,—Support reaction force in x direction; R ,—Support reaction force in y direction; /—Angle between the cross section and the mid-surface;
My—Section bending moment; Fyq—Axial force on cross section; Foq—Cross-sectional shear force; AE—Acoustic Emission; CL1—Matrix damage;
CL2—Fiber damage; CL3—Debonding; PCA—Principal component analysis
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Fig. 17 Damage mechanism of fuel tank investigated by acoustic emission technology'
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Fig. 18 Thermal protection system (TPS) structure graded health

monitoring system!'*”)
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