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Detection and Evaluation of Core and Face De-bonding in Sandwich Composite
Reinforced with Carbon Fibers Using Pulsed Heating Infrared Thermography Method
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ABSTRACT: The de-bonding of core and face is one of the most important defects created in
sandwich composite materials during their manufacture and operation. In this study, the pulsed step
heating thermography method was used to identify and evaluate core and face de-bonding in carbon
fiber reinforced sandwich composites with foam core. For this purpose, the de-bonding defects between
the core and the face were implemented in the samples during the manufacturing process. Then, using
the pulsed step heating infrared thermography method, the location and number of these defects in the
samples were identified. The desired parameters of this method, such as time step and heating rate, were
obtained from the finite element modeling. By comparing numerical and experimental thermographic
imaging results, the best time to record infrared images is predicted to be one second after the end of
heating. Numerical results showed that with increasing thermal power and heating time, the temperature
difference between the damaged area and its surroundings increased. Also, the numerical results were in
good agreement with the experimental results, which can demonstrate the ability to detect the core and
the face de-bonding defect in sandwich composite materials reinforced with carbon fibers and foam core
using the pulsed heating thermography method.
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1- Introduction

Dueto the increasing use of sandwich composites in various
structures, the ability to identify defects using thermography in
sandwich composites has been studied [1-3]. In this study, the
core and face de-bonding in carbon fiber reinforced sandwich
composites and foam cores was investigated using the step
heating thermography method. First, sandwich composite

dimensions of 100x100 mm and a total thickness of 13.5
mm were modeled in ABAQUS finite element software to
simulate thermographic testing. Defects with the dimensions
specified in Figure 1 were placed between the face and the
core and were made of Teflon.

The physical and thermal properties of carbon/epoxy and
Teflon composite multilayers and foam core are given in

samples, consisting of 8-layer made of carbon fiber/epoxy Table 1.
and foam cores, are manufactured by manual layering. In
order to create defects during the manufacturing process, thin
Teflon layers of different dimensions will be placed between
the core and the upper face during the manufacturing of the
samples. Then, infrared thermographic images will be used to W
identify and evaluate defects in the manufactured samples. By
analyzing the images recorded by the thermographic camera,
the location and number of defects, as well as the temperature
difference between the sample surface in the damaged area
and the surrounding area, are examined and analyzed. Also,
this process is simulated using the finite element method, and 0 |
the results will be compared.
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2- Methodology
Composite sandwich panels consisting of two skins with
8 layers of carbon/epoxy with a [0.90], and a foam core with

Fig. 1. Schematic image of the location of defects.
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Table 1. Physical and thermal properties of materials
used in simulation [4]

Thermal Specific
Maeial ey bt by
(W/m.K) (J/Kg.K)
CFRP 7 850 1550
Foam 0.03 1540 60
Teflon 0.25 1172 2170

Fig. 2. Infrared imaging equipment.

Carbon/epoxy sandwich composite samples were
fabricated by manual layering in a single step. A 10 mm thick
AIREX C70.75 foam core was placed between the top and
bottom composite layers. Huntsman epoxy resin and 200 g
unidirectional carbon fibers were used to produce the samples.

The test equipment for step heating thermography consists
of a heat source and an infrared imaging system, which is
shown in Figure 2. The test was performed in the Composite
and Nanocomposite Laboratory of Kashan University.
Thermographic data collection was performed by FLIR C5.
Two halogen lamps with a power of 1 kW each were used as
heating sources. The absorbed power of the halogen lamps
and the optimal heating time were obtained from finite
element analysis.

3- Results and Discussion

The surface temperature changes along the line passing
through the center of the defects of the samples in finite
element simulation, at a thermal power of 2000 W and a time
of 30 seconds, are shown in Figure 3.

The images of the step heating infrared thermography test,
consisting of 30 seconds of heating the samples at maximum
heat output, are shown in Figure 4. This test was performed at
an ambient temperature of 24°C and a humidity of 13%. As
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Fig. 3. Numerical results of surface temperature chang-
es along the line passing through the center of the de-
fects of the samples.
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Fig. 4. Thermographic test results and temperature
change curve on the line passing through the center of
the defects on the surface of the samples.

can be seen in the figure, in both samples, the separation of
the core and the shell is clearly visible. The Research Studio
software was used to analyze the thermographic images.
The results extracted from the software on the line passing
through the center of the defects on the surface of the samples
are shown in Figure 4.

The comparison of the simulation results with the results
of'the step heating infrared thermography test is given in Table
2. This table shows the temperature difference measured at
specific times using finite element simulation, and also the
results obtained in the experimental thermography test using
the analysis of the recorded images. As can be seen, the
results of the thermography test are in good agreement with
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Table 2. Comparison of simulation results with step
heating infrared thermography test results.

Sample Finite . Error
No. Element Experiment (%)
Method
1D20 2.7 2.5 8
2D10 1.9 1.7 12

the simulation results.

Sources of error include radiant heat transfer and
convection in the samples, thermal power loss in halogen
lamps, the effect of environmental factors such as temperature
and humidity, unwanted air currents, as well as factors such
as the smoothness and uniformity of the sample surface,
emissivity coefficient and other environmental factors.
As time increases and the thermal diffusion in the sample
becomes uniform, these errors are reduced and more accurate
results are obtained. An important point in the ability to detect
defects in both samples is the separation of the core and shell
using the pulsed infrared thermography method, which was
calculated using simulation to determine the best time for
imaging.

4- Conclusions

In this study, the step-heating infrared thermography
method was used to evaluate the core-face de-bonding in
carbon/epoxy sandwich composites with foam core, and the

following results were obtained:

Analysis of the recorded infrared images clearly showed
the number and location of defects in the form of temperature
differences between the defective area and the surrounding
areas.

The finite element method results analysis was used to
examine test parameters such as heating power and infrared
imaging time to extract the best imaging time.

The experimental results were compared with the finite
element analysis results, which are in good agreement with
each other. These results can help to generalize the mentioned
method for identifying de-bonding defects in sandwich
composite materials.
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Table 1. Physical and thermal properties of materials used in simulation

S5 o5y loyS b b

ol clad co po

(Kg/m?) (J/Kg.K) (W/m.K) oot et
Va0 Ad- v =SslnS oS e Vs
5. V0¥ oy pob Al
VIV VY Yo Hslis

olatwl (gin A gy Sl oaddll wsin Jae ganie sl

S ye dlge Vi e dw ja gly d9ame lipl Jle 3 caslondds
&S DC3D8 -\l 5l oyglis i 5 (laxio Ggae g pod dtun «
ool 0,5 A gl 4> > 229 5k Oyl Jasl amdw o> ol S
st 5 oo atun (il g Vb oo Sepn oS oslind
25 se ke 13 9 05 (gileie dllie pus S Soge 4

Ol 0dd (sab e gl b edd)l B S, LS Cuslie Cundge

1. Assembly

O3 5 S lonS Sy aVaiz 5 (Kb ool

Sl ol ©ype a4 Jae cpl sl oad 45 )5 > (6550 Ll
©)go & adgl bulyd (pizmen Cusl gl polaw o g g, gdaw sl

Cuwlods uv).u »2) lea.ou dLo.)

T(x,y,21=0)=T, )

£+A



FVF L Fe) amanm NF-F Jl.w & D)Lcul": HY 0,93 ‘).A.AS)M‘ L_i...:ls‘o wv..\..e(e du).mJ

Gladio Ogns 5 Jib gmguilw dguse ylell b ((A0dSud pgnad Y S

Fig. 2. Finite element meshing of sandwich panels and plane defects
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Fig. 3. Finite Element Analysis Convergence Results
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Fig. 4. Infrared imaging equipment.
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Table 2. Infrared Thermography Test Parameter
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Fig. 5. Numerical results of surface temperature changes along the line passing through the center of
the defects of the samples.
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Fig. 6. Thermographic test results and temperature change curve on the line passing through the
center of the defects on the surface of the samples.
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Table 3. Comparison of simulation results with step heating infrared thermography test results.
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