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ABSTRACT

Woven Glass Fiber-Reinforced Polymer (GFRP) composite materials are widely used in many industrial structures
like automotive, aviation, civil, etc. The objective of this experimental work is to online monitor the drop impact
damage on GFRP composite laminate through acoustic emission (AE) technique. The AE signals during the drop
impact test were captured and the analyses of signals were also carried out. AE activity such as counts, counts to peak,
signal strength, and absolute energy values increases with increase in impact energy, due to higher energy of drop
impact test. The impact tested composite laminate were observed by ultrasonic flaw detector, attenuation coefficient
as well as attenuation ratio were calculated. The attenuation co-efficient was increased and attenuation ratio was
decreased for higher energy of impact test. Online monitoring of composite structure by AE technique will help in
finding the drop impact energy, area of damage and the location of damage, to take preventive measure before failure
of composite structure. If the damage is critical and above the failure limit the damaged portion in composite material
should be scanned using ultrasonic technique to decide whether the composite part should be repaired or replaced.
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1. INTRODUCTION

Composite materials are used in aerospace, automobile, marine
and electrical fields; however they are widely used in Aircraft.
In aircraft application the composite components have to
withstand various kinds of loads such as tensile, compressive,
bending, fatigue and impact loads, out of these types of loads,
impact load become dominant for aircraft parts. Because aircraft
parts are subjected to impact loads due to, repair, maintenance,
during production, collisions between different structures
dropping of tools, hailstorm at high altitude, birds strike, etc.
These impact loads induce many defects viz, de-lamination,
de-bonding, fiber breakage, and matrix crack, etc. Impact load
induces unnoticed defects in composite components and
damage of composite component result in failure of the
composite structures.

Impact damaged composite materials failed due to following
modes [5] such as fiber breakage, matrix cracking,
delamination, intraply cracking and translaminar fracture. These
damage modes observed when impact energy increased over
the threshold energy of major damage [8]. The impact damage
on composite laminate affects the compressive load carrying
capacity than the tensile load [6]. The effect of impactor shape

is studied [10] and inferred that the energy absorbed by the
specimen was the highest for the conical impactor, which is
also produced the largest indentation/penetration depth. The
peak force was greatest for the hemispherical impactor, which
also produced the shortest contact duration.

Acoustic emission techniques used to detect and analyse
residual tensile strength of composite after impact and AE event
counts are strictly correlated with residual tensile strength after
impact rather than impact energy if non-dimensional stress is
considered instead of true stress [2]. The presence of stress
concentration in the form of axial saw-cuts resulted in reduction
of load – bearing ability [3]. The AE activity such as high
duration – low/intermediate amplitude (45 to 75dB) event
related to delamination and debond [7]. On the other hand high
duration – high amplitude associated with fiber fracture [7].
Ultrasonic method supplies a detailed analysis of damage in
composite material and can be applied in the investigation of
compression fatigue delamination threshold detection on
delaminated plates and more generally in post-impact studies
[1]. The conventional time of flight and amplitude C-Scan at
normal incidence are used to check for the presence of
delamination [4], while backscattering C-Scan allows the
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detection of matrix crack through the laminate thickness. The
air-coupled ultrasonic C-Scan technique used for defect size
estimation and studies shows that the carbon fibers were partly
replaced by glass fibers will have better impact resistance
property [9].

Drop impact test replicates the impact damage in aircraft parts
due to natural drop weights. In this paper an effort has been
taken to investigate the drop impact damage on woven GFRP
composite laminate using acoustic emission and ultrasonic
techniques. The determination of damages in composite
laminate such as de-lamination, fiber breakage and matrix
damage will helps to take preventive measure before failure of
composite structure.

2. EXPERIMENTAL WORK

2.1 Material selection and preparation

Woven Glass Fabric-Reinforced Polymer composite laminate
was selected for experimental work. Epoxy resin of dobeekot
520F and hardener of HY758 mix was used as matrix material.
Fiber cloth of oven bake glass fiber of 250 gram per square
meter was used as reinforcement material. Composite was
fabricated by hand lay-up method. The matrix and fiber volume
weight percentage of 50:50 ranges was taken for specimen
preparation. The acoustic emission system comprises of signal
detection, data acquisition and analysis of acquired AE signal.
The AE system supplied by Physical Acoustics Corporation-
PCI-2 is used for AE data acquisition and digital signal
processing system on a single full size PCI card.

AE-Win Software is a WINDOWS based, AE acquisition,
analysis and replay software provided with PCI-2 as standard.
Impact damage was introduced on the composite plates using
drop impact apparatus. Hemispherical impactor is made to slide
over the support column using guide wire in drop impact test
apparatus. Composite laminate was fixed on the impact test
apparatus and the AE sensor was firmly fixed on the GFRP
composite laminate 40mm away from the impact point using
the cello-tape. Composite laminate with AE sensor on drop
impact apparatus is shown in Fig. 1. Pencil lead break test was
conducted by breaking lead to test the working of AE sensor.
The desired AE parameter to analyse AE event during drop
impact test are selected in AE Win software for acquiring signal

The composite laminates were scanned using ultrasonic flaw
detector in A-scan mode before and after the impact test. The

frequency of 4 MHz probe and 2750 m/s velocity sound energy
were used for scanning GFRP specimens. Silicon grease was
used as couplant between composite laminates and ultrasonic
probe. The schematic experimental diagram for ultrasonic setup
is shown in Fig. 2. Ultrasonic signals were observed from
composite materials scanning and from these signal ultrasonic
parameter such as attenuation co-efficient, attenuation ratio
were determined.

2.2 Online investigation of drop weight impact test

The quality of fabricated composite materials was inspected
through visual and ultrasonic inspection. There is no major
defect found through visual and ultrasonic inspection. This
examination helps to confirm the uniform and defect free nature
of the composite laminates. The threshold energy is defined as
the impact energy at which no damage is induced on the
composite laminates. The drop impact tests are conducted to
find threshold energy of impact damage by increasing impact
energy from 2 Joules to 15 Joules. The above impact tested
composite laminates were visually examined and also
ultrasonically in A-scan mode. A-scan signals obtained up to
10J energy of impact test were similar as that of the A-scan
signal obtained for good composite laminates. Therefore the
impact energy up to 10J was not producing considerable damage
on composite laminate. Hence impact test at 10J energy is
considered as the threshold value of impact damage for
composite material and used to set filter to eliminate noise due
to drop weight. After setting filter, drop impact test was carried
out on Woven Glass Fabric Reinforced Polymer composite
laminates with different energy of impact. The AE Signal was
captured during drop impact test and were analysed. Then, the
drop impact tested composite laminates were observed by
ultrasonic technique. The experimental results are as follows.

3. RESULT AND DISCUSSION

3.1 Impact energy and AE activity

The AE parameters acquired from drop impact test were
analysed using AE Win software. The AE parameters such as
signal strength, absolute energy, counts [2], and counts to peak
are more sensitive. The above parameter are used to characterise
drop impact damage.The relationship between impact energy
and AE activitiers is plotted in Fig. 3, and Fig. 4. The AE counts,
counts to peak increases with higher energy of impact test in
Fig. 3. This result is due to more damage induced on composite
laminate.

Fig. 1 : Schematic Experimental Diagram for Acoustic
Emission Set up

Fig. 2 : Schematic Experimental Diagram for Ultrasonic Set
up
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The AE signal strength and absolute energy also increase with
increase in drop impact energy in Fig. 4 and this is due to more
damage on GFRP composite laminate.

3.2 Observation of area and shape of impact damage
on composite laminates

Impact damaged GFRP composite laminates are visually
examined and it is inferred that the specimens were damaged
with combination of delamination, fiber breakage and matrix
crack. The area of impact damage was measured back
illumination method using profile projector. As the impact
energy of test increases, the material damge also increase and
unpredicted damage shape in composite laminate. The damage
on the back side of impact is more than front side of impact.
The area of drop impact damage increased with higher energy
of impact test as shown in Fig. 5.

3.3. Area of drop impact damage vs. AE parameters

The relationship between area of impact damage with AE
parameters are shown in Fig. 6 Fig. 7, Fig. 8, and Fig. 9. The
area of impact damage with AE parameters such as count and
counts to peak gives the quantitative information about area of
impact damage induced on impact tested GFRP composite
laminate for the corresponding AE signal.

The AE signal strength and absolute energy were also increases
with increase in area of drop impact damage are shown in Fig.
8 and Fig. 9. This indicates that more impact damage is induced

with higher energy of impact test.The induced more impact
damage on GFRP composite laminates increases the signal
strength and absolute energy.

The relationship between areas of impact damage with AE
parameters will help in finding the amount of damage induced
on the composite material based on the AE signal produced
during impact damage. During application this helps in finding
out the damage before failure.

Fig. 3 : Impact Energy vs. AE Counts to Peak and Count Fig. 4 : Impact energy vs. AE signal strength and absolute
energy

Fig. 5 : Impact Energy vs. Area of impact damage

Fig. 6 : Area of impact damage on front side impact vs. AE
Activity

Fig. 7 : Area of impact damage on back side impact vs. AE
Activity
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3.4 Depth of damage on composite material

The composite materials were scanned using ultrasonic
technique before impact damage and after impact damage.
These signals were used to analyse the depth of damage in
composite laminates. Ultrasonic A-scan signals from the
impacted composite laminates shows that the damage region
increases from top side to the bottom side. Ultrasonic signals
were not transmitted on the impact side of composite material.
On the other hand ultrasonic signals penetrate certain distance
on bottom side of impact. The depth of impact region increases
with the energy of impact test is shown in Fig. 10.

3.5 Attenuation Co-efficient and Attenuation Ratio

Attenuation co-efficient and Attenuation ratio were determined
for A-scan ultrasonic signals obtained from scanning of the

impact tested composite laminates. The attenuation coefficient
for A-scan ultrasonic signal was found to increase with increase
in the energy of impact test and is shown in Fig. 11. The increase
in attenuation coefficient is due to the more attenuation of
ultrasonic signals results due to increase of drop impact damage
on GFRP composite laminate. Composite laminates may be
damaged due to delamination and matrix crack. The attenuation
coefficient increases from 0 to 7.3nepers/mm. The composite
laminate damaged due to 50J energy of impact have attenuation
coefficient of 7.3nepers/mm due to failure of composite
laminates.

The attenuation ratio decreases as the energy of impact increases
is shown in Fig. 12. This shows that the resistance to ultrasonic
signal increases with increase in energy of impact test due to
more damage induced in composite laminate. The increase in
energy of impact test induces damage in composite laminates
in the combination of de-lamination, fiber breakage and matrix
damage.

3.6 Depth of impact damage Vs attenuation o-
efficient and attenuation ratio

The correlation between depth of impact damage and
attenuation co-efficient is done to find the attenuation of
ultrasonic signals due to impact damage is shown in Fig. 13.
The attenuation co-efficients for A-scan ultrasonic signal found
to be increased with increase in depth of impact damage in
composite laminates. The increase in attenuation co-efficient
is due to the more attenuation of ultrasonic signal due to increase
in depth of impact damage on composite laminate.

Fig. 9 : Area of impact damage on back side vs. AE signal
strength and absolute energy

Fig. 8 : Area of impact damage on front side of vs. AE signal
strength and absolute energy

Fig. 10 : Impact Energy vs. Depth of impact damage

Fig. 11 : Impact energy vs. Attenuation Coefficient Fig. 12 : Impact energy vs. Attenuation Ratio
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and ultrasonic technique increase the reliability of inspection
method.
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The correlation between depths of impact damage versus
attenuation ratio is done to find the resistance to ultrasonic
signals due to impact damage and is shown Fig.14. The
attenuation ratio decreases as depth of impact damage increases.
This shows that resistance to ultrasonic signal increases with
higher energy of impact test due to more damage induced in
composite laminate.

4. CONCLUSION

The following conclusions were arrived from the investigation
of drop impact damage on woven glass fabric composite plates
through acoustic emission and ultrasonic technique.

The AE parameter such as count [2], counts to peak, signal
strength, and absolute energy are more sensitive in online
monitoring the composite structure. These signals help in
finding the origin of discontinuity in composite laminates due
to drop impact weight. During online monitoring of composite
structure the captured signals due to drop weight will help in
finding the impact energy and the location of damage. Area
and depth of impact damage can be predicted using impact
energy. This will help to take preventive measure before failure
of composite structure.

The attenuation coefficient for A-scan ultrasonic signal was
found to increase with increase in the energy of impact. The
increase in attenuation coefficient is due to the more attenuation
of ultrasonic signal in composite laminate results due to
increased drop impact damage. The attenuation ratio decreases
as the energy of impact increases. This shows that resistance to
ultrasonic signal increases with increases in energy of impact
test and is due to more damage induced in composite laminate.

If the damage is critical and above the failure limit the damaged
portion in composite laminate should be scanned using
ultrasonic technique to decide whether the composite material
should be repaired or replaced. AE signals give valuable
information about origin of discontinuity in composite laminate
and quantitative information about how much damage is
contained in the structure. From this on line monitoring of drop
impact it is possible to eliminate the unnoticed failure due to
drop impact weight. Here attenuation coefficient and
attenuation ratio calculated from A-scan ultrasonic signal will
support additional data to conform nature of damage in
composite laminate. The combined use of acoustic emission

Fig. 11 : Impact energy vs. Attenuation Coefficient Fig. 12 : Impact energy vs. Attenuation Ratio


