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Abstract: Fiber reinforced polymer (FRP) composites offer advantages such as lightweight construction,
high specific strength, fatigue resistance, and corrosion resistance, making them widely applicable in
aerospace, rail transit, and other sectors. However, internal damage that occurs during service is often
concealed, posing potential safety risks. The advent of intelligent composite materials presents a promising
approach for integrated structural health monitoring while enhancing mechanical properties. This paper
introduces the preparation methods for carbon nanotube (CNT) reinforced FRP composites. Building on
this foundation, the current state of research regarding CN'T applications for structural health monitoring of
composite materials is reviewed. This research can be categorized into two main areas: health monitoring
using embedded carbon nanotube sensors in basic mechanical specimens and engineering components, and
the self-monitoring technology of composite materials. The self-monitoring technology is further divided
into two methods: resin matrix modification and fiber grafting. Finally, the challenges of CNT-modified
FRP composites in industrial applications and sensor monitoring stability in multi-field coupling
environments are reviewed, and the development direction of ‘structure-function’ integration of
reinforcement system and health monitoring technology is prospected, so as to promote the key step of
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intelligent composite materials to industrial scale production.
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Fig.1 CNT modified FRP composites and health monitoring development map

Preparation method of
CNT modified FRP composites

CNT interlayer embedding
method( Buckypaper and

tive film )

CNT alignment technology
( electric, magnetic, in-situ
growth, pre-stretching )

Resin matrix
modification method

Fiber surface modification
method ( impregnation,
deposition, spraying, in-
situ growth )

K2 CNT &t FRP &G #aH & kil s
Fig.2 Summary of preparation methods of CNT
modified FRP composites
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Fig.3 Schematic diagram of sensor sensing mechanism

(a)schematic diagram of sensing mechanism of carbon nanotube sensor

(b)sensor response trend and sensor sensing mechanism diagram of different damage stages
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[1,6,38,49-54]

Table 1 Summary of parameters comparison of embedded thin film sensor, matrix doping

modified sensor and CN'T/fiber grafting sensor

[1.6,38,49-54]

Sensor type Embedded thin film sensor Matrix doping modified sensor CNT/fiber grafting sensor

Monitoring High (damage location can be realized ~ Middle (can be adjusted according to CNT ~ Middle (for the resin-fiber interface region)

accuracy according to array control) content)

Monitoring range Local Integral structure Local or integral structure (mainly
monitoring resin-fiber interface area)

GF ~2-9 ~23.6-20 ~22.3-30

Linearity =>0.98 =>0.98(small strain) =>0.98(small strain)

Nonlinearity (large strain)

Manufacturability Excellent (can be directly embedded

inside the composite material )
2120 ms

Response time 280 ms

Medium (CNT is easy to agglomerate or

Nonlinearity (large strain)

Poor (additional fiber treatment required )

affect the viscosity of the resin)

70 ms
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Fig.4 Health monitoring diagram of composite foundation specimen

62-63]

(a)resin infiltration process monitoring diagram"*!; (b)compression monitoring photo and sensor embedding diagram’ ;

(¢)vibration monitoring physical map%-%

impact energy and ultrasonic C-scan image of damage area

';(d)impact monitoring diagram , sensor response curve under different

[69-71]
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Fig.5 Summary diagram of health monitoring of composite engineering components

(a)bolt connection structure torque , preload monitoring pictures and damage response curve ™ %:72; (b)the physical map of the

composite repair structure of the distributed sensor array and the monitoring curve of fatigue and seawater erosion

(¢)COPV health monitoring diagram and axial and circumferential water pressure monitoring curves
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Fig.6 Composite material self-monitoring summary diagram

(a)photo of resin phase transition, tensile, and compression health monitoring using matrix modification metho

(b)schematic diagram of resin infiltration, four-point bending and crack length monitoring by integral grafting method'*%
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5],

(c)photo of resin infiltration, star specimen stretching, and wing skin vibration monitoring by local grafting method#%5%
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