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Abstract--- Fibre reinforced polymer (FRP) components can have visible or non-visible damages because of an
impact, crush, or fatigue during the regular operation hours. These components or structures have to be continuously
monitored in order to ensure an early detection of deterioration. This paper uses the vibration decay rate
experimentally as a method to detect damages in a FRP component. Measurement of reverberation time RTgp is
executed in three different damage conditions of a specimen made of fibre reinforced polymer. The conditions of the
specimen vary based on the damage existence in it. The major concern is on predicting damages presence by the
measured data. The resulted data showed a clear difference among the three conditions proving the damages
existence.
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. Introduction

Composite materials usages have been remarkably increased in almost all industry sectors. Fibre reinforced
polymer (FRP) composites in particular, are significantly adopted in aerospace and automobile structures to satisfy
the need for materials that are light in weight, costly effective, and good impact absorbents[1]. Fibre reinforced
polymer (FRP) is a major class of composite materials that generally consists of a polymer as a matrix reinforced
with a fibre. Usually, the fibre might be glass, carbon, and armed. However, other types of fibre sometimes are used
such as wood, paper, or asbestos etc.[2].

Branched from the two main categories, thermoplastics and thermoset, polymer also could be of many types
such as polyester, vinylester, polyurethane, and epoxy. Due to commercial needs, Glass or carbon is the most
commonly used fibres as reinforcement to a matrix of thermosetting polymer such as epoxy and polyester to have
FRP composite materials [3,4]. Moreover, thermoplastics matrices are still preferred to be used because of their
property of reformed after the initial production. Regarding the application of FRP composites, their usage are
remarkable in the aerospace and automobile industry field, ships and offshores platforms, sport goods, and chemical
processing equipment. Also, FRP composite have exist in new markets of biomedical devices and civil structures.
New style of reinforcement forms such as carbon nanotube and nanoparticles with high performance resin systems
have been used to produce new advanced forms of FRP composite rising their usage to an impressive range [5].

Generally, the most important properties of FRP composites that making them attractive to industries sectors are
high specific strength, high specific stiffness, high fracture resistance, good abrasion, corrosion, impact, and fatigue
resistance, and low cost [6].

On the other hand, damages may arise in the FRP components during operation putting the structure in a risk [7].
Due to the heterogynous microstructure of the materials and big difference of the constituent’s properties, the
mechanism of the damage is not smoothly predicted and understood. Also, the interface presence and the fibre
orientations give anisotropy in overall properties of the materials [7,8]. The diagnosed damages of composite
materials are broadly classified under three main categories based on the structure of the material. These main
categories are the micro-structure level, the macro-structure level, and the coupled micro-macro level mechanism
failure. Under all three levels, the damages of composite materials could be [9]:

e Fibre Fracture
e Fibre Bending
e Fibre Buckling
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e Matrix Cracking
e Delamination

e Fibre deboning
e Others.

In order to have an early prediction of existence of visible or non-visible damages in composite structure and
avoid failure, many structural health monitoring (SHM) methods have been revealed. Among these methods are
guided waves method, acoustic emission methods, wave field imaging, modal analysis, frequency response function
method, and others [9,10]. Thus, a lot of attention has been paid to the issue of damages detection in composite
materials structures using acoustic emission and vibration-based methods [11-18].

Considering that the damages of composite materials has an effect on the vibration decay rate, this paper uses the
experimental measured decay rate to predict the damage presence on the specimen. The measured decay rate shows
an estimation of the dynamic behaviour of the target part[19]. The focus of the current investigation is to do
laboratory work for measuring the vibration decay rate of a FRP composite component. The composite material
specimen undergoes three different states based on the damage existence in it. In each state, the decay rate is done
and the result data is measured. Distinguish the difference in the response of the dynamic behaviour in each case is
analysed and considered to indicate the damage existence.

Il. Vibration Decay Rate

Generally, there are several methods for the experimental determination of the damping of materials. One of
these methods is the determination of the decay rate, which gives a relatively simple method for the loss factor
determination [20].

The measurement of vibration decay rate is pretty like the measurement of the acoustic decay rate, which is well
known in the room acoustics. The only difference is the usage of vibration sensor, e.g. accelerometer instead of
microphones. The probe whose decay rate is determined, must be excited with a mechanical impulse (e.g. impact
hammer) or with a burst random signal (electro-dynamic shaker) and the time signal of the accelerometer on the
structure is measured (impulse response). After the stop of the excitation the gradual drop of the acceleration level
within a certain time can be observed in the signal. The length of this time is depending on the internal damping of
the material [21]. Additional effect, e.g. the noise radiation can act like a damping, but this phenomenon is neglected
in this investigation.

The drop of the energy level by 10° (or by 60 dB) in the measured time is called the reverberation time RTg,.The
Reverberation Time (RTg) is the time that the sound pressure level takes to decrease by 60 dB after a sound source
is abruptly switched off.

The RTgo decay rate must be filtered and the envelope should be created (e.g. by Schroder integration) in order to
get the decay rates for every third octave frequency band. The Schrider integration is necessary to avoid the random
error in the decay rate curves.

The filtered Tg, is considered for the further calculation of the loss factor over the frequency by the following
formula:

_ 2,2
f " Teo
Where f is the mid frequency of a third octave band in Hz, RTg is the decay rate for each third octave mid

frequency in s. The value of 2, 2 can be derived from the energy drop to the one millionth of the initial value
[21,22].

n

I11.Experimental Work
3.1 The Test Specimen

For the investigations, a material type of MF GC 201 (melamine resin laminate) is selected. It is a glass
reinforced polymer that consists of several layers of glass cloth impregnated with melamine. The specimen has a
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simple rectangular shape with the dimensions of 500 x 200 x 3 mm (Figure 1). The material tensile strength is 150
Mpa while the comporessive strength is 275 Mpa. The modulus of elasticity of the material is1400 Mpa.

Figure 1: The Rectangular FRP Test Specimen
3.2 Creating Damages in the Specimen

In order to have the specimen cracked, an airgun type Diana 300R cal.177 was used. It has the maximum kinetic
energy of E = 7.5 J at the muzzle. The gun “fires” lead pellets of the weight m = 0.53g of a calculated speed at the
muzzle of 170 m/s. When firing from distance of 10 m, the contact place is barely visible. When firing from 1.5 m
distance, the specimen was damaged with a crack of about 5 cm long. So the specimen was tested three times based
on the conditions undamaged, damaged 1, and damaged 2.

Undamaged Damaged

Figure 2: The Test Specimen with Three Conditions
3.3 Test Equipment
o B&K Pulse data acquisition
o B&K 4397 accelerometer

e Impact hammer (hand-made from a B&K 4397 accelerometer)
e  The software
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Figure 3: Schematic Representation of the Test Setup

3.4 Performing the Test

Three excitation points and one measurement point were determined to perform the hits and record the results.
The first excitation points is the middle of the specimen, while the second and third were (10, 10) and (3, 5) from the

lower edge respectively. The measurement point is horizontally in the middle and vertically in the upper one-third of
the part.

As mentioned, the test is done three times according to the three different conditions of the specimen. First time,
the specimen is free of damages while the second time the specimen is damaged but the crack is barely seen by eye
supposing that there are damages in the microstructure of the part which may be detected by the resulting signal.
The third test is done when the specimen is fully cracked as there is a gap in the spacemen.

During each time of the test, the excitation points are respectively hit ten times by the hammer and the recorded
data were averaged. All recorded data are analysed by the Room Acoustic Wizard software and graphs are
generated.

Test Results
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Figure 4: RT 60 Decay Rate of the Original Specimen
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Figure 5: RT 60 Decay Rate of Damaged-1 Specimen
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Figure 6: RT 60 Decay Rate of Damaged-2
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Figure 7: RT 60 Decay Rate of the Three Cases
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The graphs (4-6) individually show the RTg, curve for the three cases of the specimen while graph 7 shows the
RTyg, of all three states together. As it is clear in figure 7, after 1000 Hz, there is a big difference can be seen among
the three of them. The damaged condition no.2 (grey line) showing the highest RTg, conflicting the fact that there is
no material (gab), so there is less damping. Same fact can be applied to the damaged case no.2 (blue line)
considering that since there is a crack so there is damping less than original case resulting in higher RTg, than the
original specimen. In accordance with the results above, the presence of damages can be estimated by the vibration
decay rate in specific condition.

IV.Conclusion

As the composite materials usage has been significantly increased in major industry fields, the monitoring of
damages presence in the composite parts and structure has to take a major importance. The damages in composite
materials might exist non-visibly due to fatigue or crack. Thus, acoustic emission methods are used to predict
damages existence in composite structure. Vibration decay rate is an acoustic method that has been used in this
experimental investigation. The investigation used a composite material specimen that is made of glass fibre
reinforced polymer. The specimen is put under three different damage conditions. The first is free of damages and
the other two are different damage levels. The measured RTg, showed a clear difference after 1000 Hz of frequency
between all three cases proving that this method is able to estimate the presence of damages in the part. In order to
localize the damage, new investigation has to be done which is a future focus of the authors.
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