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The purpose of this thesis is to explore the properties of well-known composite materials using
acoustic emission (AE) analysis. It includes a description of the AE technique to monitor the
fracture behavior of composites. Based on experimental AE results, the factors that influence
the properties are examined, and methods of improving them are discussed. Procedures that
can be used to improve materials applied to actual structural components are also described.
The influence of deformation caused when composite materials are cured is also considered.
The composite materials examined in this thesis are as follows: (i) carbon fiber-reinforced
polymer (CFRP), which has recently been highlighted as a core material for eco-friendly
devices such as wind turbines and vehicles with reduced carbon-dioxide emissions (Chapter 1,
2 and 3), and (ii) dental resin, which is an essential material for ordinary dental treatment
(Chapter 4).

Chapter 1 describes an interlaminar testing method and an AE frequency analysis technique to
investigate the fracture characteristics of CFRP. A method is described to characterize the
uniformity of interlaminar fracture toughness of laminated CFRP composites fabricated by the
modified vacuum assisted resin transfer molding (VARTM) process. To prepare specimens for
Mode | fracture toughness tests, pieces were sectioned from the inlet and vent regions of a
CFRP plate ([+30/-30]s), with a starter crack inserted. The specimens were packed between
two rectangular epoxy plates to apply a load using a universal testing machine. Acoustic
energy signals were monitored using two sensors attached to the epoxy plates during tensile
loading. The difference between the material properties of specimens from the inlet and vent
regions of the CFRP plate were statistically compared using one-way analysis of variance
(ANOVA).

Chapter 2 reports the effects of an additional treatment, i.e., compacting the fiber fabrics using



a rigid covering metal mold, in order to improve the properties of CFRP composites fabricated
using a VARTM process. Two types of CFRP plates were prepared using the VARTM setup:
samples fabricated using an ordinary setup (OS) and the compaction setup (CS). The effects of
compaction on the mechanical properties were investigated using the mode | interlaminar
fracture and three-point bending tests. To explore the fracture mechanism during the tests, the
AE characteristics were monitored in real time. To examine the released energy as function of
time and the total energy released during failure, we considered the amplitude distribution and
the cumulative energy as the main AE parameters. In addition, since the frequency components
of the AE signal describe the fracture mechanism, we also considered the peak frequency of
the AE signal, which was obtained using a fast Fourier transform (FFT).

Chapter 3 describes the influences of the number of layers, stacking sequence, and areal fiber
weight on the mechanical properties of CFRP using three-point bending and interlaminate
shear-strength (ILSS) tests. The bending and interlaminar shear strengths of the unidirectional
specimens were not proportional to the number of layers. The bending strength of the
bidirectional specimens improved as the number of layers increased due to the addition of
longitudinal fibers, while the interlaminar shear strength decreased and the specimens
experienced frequent sudden failures. The diagonal specimens showed poor bending and
interlaminar shear strength due to significant occurrence of interlaminar fractures. The AE
signal distributions corresponding to the fracture modes indicated that resin matrix fracture,
matrix—fiber mixed fracture, and fiber fracture occurred.

Chapter 4 describes the effects of light power and energy on polymerization shrinkage using a
nondestructive method. First, the volumetric polymerization shrinkage force was measured at
two levels of irradiation with an equivalent light energy. The relationships between shrinkage
behaviors and different light power and energy levels were investigated by AE analysis. To
examine the defects occurring in tooth structures and the interface between the tooth wall and
the resin due to contraction stresses, depending on the curing condition, two AE parameters,
cumulative hits and amplitude of AE signals, were assessed. The cumulative hits of AE signals
generally represent the number of incidents, and the amplitude of the AE signal is proportional
to the stress or elastic energy of the induced sound wave.



