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Ë Fiber-reinforced composites are now widely used in aircraft and

other industries due to their high specific strength and stiffness.

Ë The formation of micro-scale cracks affects the long-term

durability and performance of composite materials, and there is a

need to develop new techniques for damage detection and health

monitoring of composite structures.

Ë Carbon nanotubes (CNTs) have exceptional mechanical (strength

and stiffness) and physical (electrical and thermal conductivity)

properties and engineers have sought to exploit these properties

in macroscopic engineering materials.

Ë CNTs diameters are three orders of

magnitude smaller than advanced fibers

(5-20 nm as compared to 5-20 µm).

Ë Because of their small size (10-9 m) and

large aspect ratio (length/diameter)

CNTs can form nerve-like electrically

conductive networks in insulating

plastics and fiber composites at very

small concentrations.
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The formation of nerve-like electrical networks of nanotubes in

advanced fiber composites enables in situ sensing for damage

detection and health monitoring of fiber composites.
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Ë Vinyl ester is frequently utilized in large-

scale composite structures.

Ë Commercially-available vinyl esters

contain 40-60% styrene, which is volatile,

and results in substantial processing

challenges for dispersing nanotubes.

Ë A new processing approach was taken

by synthesizing vinyl ester monomer

from an epoxy (EPON 862) followed by

nanotube dispersion using a high-

precision calendering technique.
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Electrically conducting networks of nanotubes were achieved in 

vinyl ester resin at concentrations as low as 0.1 wt%

dg as low as 3 mm

Ë Multi-walled carbon nanotubes were

dispersed in vinyl ester using the

calendering approach.

Ë Nanotube/fiber hybrid composites

were fabricated using a vacuum-

assisted resin transfer molding

technique (VARTM).

Ë As-processed nanotube/fiber hybrid

composites conduct electricity,

indicating formation of nanotube

networks throughout the composite
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REAL-TIME  SENSING  OF  DAMAGE
Ë Specimens were tested in

tension under quasi-static and

cyclic loading conditions.

Ë Electrical, mechanical and

acoustic emission data were

acquired in real-time using a

custom sensing and data

acquisition system.

Ë Microscopic edge replication

studies were also conducted.
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Ë Cross-ply composites develop transverse microcracks

during tensile deformation.

Ë The resistance-strain curves can be analyzed to detect

new crack formation and quantify the level of damage.

Ë An acoustic emission (AE) is created by the release of

energy due to crack formation and can be detected using

piezoelectric sensors mounted on the specimen.

Ë The direct correlation of the AE signals and large jumps

in specimen resistance validate the observed resistance

changes are due to crack formation.

Ë Carbon nanotube networks show great potential for

quantitatively detecting defects and cracks in advanced

composites in situ.

Ë The small size of carbon nanotube sensors make the

technique minimally invasive to the composite.

Ë Acoustic emission and edge replication experiments

validate the carbon nanotube network sensing results.

Ë Exploratory work is being conducted in sensing of

composite self-healing.

Ë Micrographs from edge replicas show the accumulation

of transverse cracks followed by delamination.

Ë The stiffness degradation of the composite is small, less

than 10% even when saturated with cracks.
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