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Abstract
Composites are formed by a connection of two or more types of different materials what
provides a specific combination of properties not existing in particular source materials.
An interesting thing of composite technologies is a possibility to design their structures
to obtain required directional properties. For this reason composites are widely used
now and their development trend is strong. The honeycomb type laminates belong to
such group of composites. They consist of the honeycomb cells core covered by thin
layers of different materials on both sides what results in their low weight and great
mechanical resistance against mechanical charges. These composites are often used in
space and aviation equipment, cars, boats and yachts. The separation of covering from
the core cracks in covering and defects of core are their typical defects. An experimental
testing method for detection of defects in different honeycomb type composites by the
infrared thermography is presented in the paper.

1. Introduction
The composite materials have been well-known for thousand years. The notion of
composite material (lat. compositus = composite) means material, which is built from at
least two different components but their connection is on the macroscopic level. In this
meaning materials like alloys are not composites, although in the microscopic scale they
are a composition of many components, but in the macroscopic scale they look like
typical homogeneous materials. An example of oldest and generally used composites is
the Chinese lake used to made dishes and furniture in V-th century before Christ and the
plywood that is also equally old one.
Currently composites are used in many technologies ranging from implants applied in
medicine to cheap construction materials applied in building engineering. In last years
quick development of composite materials is connected with growing demand of
aircraft and space and motor industries for light and mechanically resistant materials to
replace steel and different metals and their alloys.
The honeycomb type material is one of composite materials. This type of composite
material consists of core which is 3-dimensional structure having a form of combined

hexagonal cells like the structure of honeycomb (1) (Fig.1). Each side of the core is
covered by layers of different material. These composite materials were mainly used in
aircraft industry at first but they are also used in following domains now:
- aerospace,
- marine,
- automotive,
- railways,
- medical,
- architectural,
- electronic engineering,
- pharmaceutical,
- food,
- sport-recreation.

Figure 1. Structure of honeycomb composite made by Wxyiming
Honeycomb type materials found so wide use thanks to following advantages:
- lightweight,
- mechanical strength,
- formability,
- corrosion resistance,
- fire resistance,
- energy absorption.
Different materials are used besides light metals to make this type of composites like
different kinds of plastic which are often reinforced by fibers (glass, quartz, aramide,
asbestos, carbon). Even natural materials like wood or stones (e.g. marble, granite) are
used as covering materials for cores. Synthetic resins (epoxy, polyurethane, silicone)
are very often used to connect the core and covering layers. Thanks to suitable selection
of materials it is possible to obtain composite material which has required proprieties to
specific use.
Faults like cracks and destruction in covering layers, destruction of core or separation of
covering layers from core can occur in this type of composite materials. Many papers
exist in scientific literature about nondestructive testing of honeycomb composites by
Infrared Thermography methods (2−5 ) but these works mainly refer to composites used in
aircraft applications.
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The aim of present work is to show that nondestructive testing by IR thermography
could also be an effective method to diagnosing honeycomb composites used for other
applications and made with different materials than in aircraft applications.

2. Experiments
2.1. Samples
The occurrence of dampness as well as penetration of water into the structure of
honeycomb type composite materials testifies to material covering defaults in
applications where this material has contact with water or moist air. Even small
microcracks can permit the water or moist air is getting inside of composite material. In
result of temperature changes and condensation of water contained in the air the
dampness can appear into inside structure of material. Therefore searching of dampness
inside composite material has an important meaning for the evaluation of tightness and
defaults in composite material core covering layers.
In order to assess the possibility for using the infrared thermography nondestructive
testing methods to detect defaults in conventional honeycomb composite materials the
samples of materials made by Nida-Core Corporation were used. In these samples the
core was made from polypropylene. Thanks to its physical and chemical properties,
polypropylene is resistant to water and does not absorb it. For this reason these
honeycomb materials are ideal for numerous areas of industry such as ( 6) :
- boat-construction: hull, deck, flybridge, sole, door, stringer, hatch, interior;
- equipment specific to marine construction, such as floating docks;
- swimming pool construction, either for the swimming pool itself (used for this
purpose honeycomb materials add thermal insulation characteristics to maintain
the water temperature) or for accessory elements like staircases or annex
premises;
- features connected with sanitary arrangements, like shower tubs or bathroom
fittings in general.
In order to achieve a reasonable estimation and identification of areas in honeycomb
composite materials containing water, four following test-samples of different
honeycomb materials were prepared to nondestructive testing:
- sample 1 – the core from polypropylene (hexagonal cell size 8 mm) covered
with polyester scrim and 50 microns polypropylene film, total thickness 20 mm
(Fig.2);
- sample 2 - the core from polypropylene (hexagonal cell size 8 mm) covered 2,7
mm waterproofed plywood both sides, total thickness 18.4 mm (Fig.3);
- sample 3 - the core from polypropylene (hexagonal cell size 8 mm) covered with
wet laminated fiberglass, total thickness 11.2 mm (Fig.4);
- sample 4 - the core from polypropylene (hexagonal cell size 8 mm) covered with
black reinforced grid, total thickness 10 mm (Fig.5);
Different quantities of water (0.5 ml; 0.3 ml; 0.2 ml and 0.1 ml) were introduced in all
samples to four cells.
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Figure 2. Sample 1

Figure 3. Sample 2

Figure 4. Sample 3
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Figure 5. Sample 4
2.2. Experimental Set-up
Thermographic investigations can be performed in two ways by exploiting an active or
passive method. The investigation of composite materials most often demands the active
method. The active approach requires an external heat source to stimulate tested
materials. In this experiment two active methods were used exploiting the reflection and
transmission.
The reflection method is mostly applied for composites. In the reflection method (Fig.6)
a sunlamp (power 800 W) positioned 0.5 m before the test sample was used for heating
samples. The lens of the camera AGEMA 900 LW is placed at distance of 0.7 m from
the sample. The sample was heated for 20 seconds. The heating and cooling phases
were both registered. Results were recorded in the sequence at the registration time of
100 seconds, and images were registered with the frequency of 1 second.

Monitor

Camera
Sample

Lamp
THV 900 control
system
Figure 6. Experimental set-up for reflection method
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The transmission method is used when the back surface of the controlled object is
accessible. In this method the camera and the sunlamp as the heating source are located
on opposite sides of the sample (Fig.7). The lamp was positioned at 0.5 m and the
camera at 0.7 m from the sample. Images were taken both during heating and cooling
phases. Thermograms were registered at sequences of 100 seconds and the image
registration rate was 1 second.
Samples were tested in three different initial temperatures: +20ºC, +5º and -5ºC and for
these samples were kept in a climatic chamber by 1 hour directly before tests to get
required temperature.

Monitor

Sample

Lamp

Camera
THV 900 control
system

Figure 7. Experimental set-up for transmission method

3. Results
Graphs of surface temperature changes for sample 1 over cells where 0.5 ml and
0.2 ml water was introduced are shown in Fig. 8. These curves were received during
heating of sample and testing by the reflection method. Fig. 9 shows thermogram of the
sample obtained 20 s after the start of heating. The initial temperature of sample was
+20ºC. Fig. 10 shows later temperature changes on the surface of sample 1 after the end
of heating process. Thermogram obtained 20 s after the end of heating process is shown
in Fig.11. This image shows clearly which cells of honeycomb contain more water than
other ones. In legend of all presented graphs the description “0 s” marks the start of
heating or cooling process. Other signs “10 s”, “20 s” and “40 s” mark time from the
start of these processes. Fig.12 shows curves of temperature changes on the surface of
sample 1 during an experiment when the transmission method was used at the initial
temperature of sample +20ºC and the heat treatment. These curves show changes of
temperature over cells containing 0.5 ml and 0.2 ml of water.
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Figure 8. Sample 1 – profile plots of cells containing 0.5 ml and 0.2 ml water
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Figure 9. Thermogram of sample 1- reflection method
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Figure 10. Sample 1 – temperature changes after ending the heating process
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Figure 11. Thermogram – sample 1
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Figure 12. Sample 1 – temperature changes during investigation by transmission
method
Selected results obtained during testing sample 2 are shown in Fig.13. These changes of
temperature were obtained with the reflection method after the end of heating process.
Initial temperature of sample 2 was - 5ºC. These curves were received over cells
containing 0.1 ml and 0.3 ml of water respectively. Fig.14 represents a thermogram
obtained 40 s after the end of heating process. For comparison the thermogram obtained
with the transmission method at the same conditions is shown in Fig. 15.
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Figure 13. Sample 2-profile plots of cells containing 0.1 ml and 0.3 ml water
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Figure 14. Thermogram of sample 2 – reflection method
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Figure 15. Thermogram of sample 2 – transmission method

Fig.16 represents temperature changes on the surface of sample 3 obtained over cells
containing 0.5 ml and 0.3 ml water. Results were obtained with the reflection method
during heating process. Initial temperature of the sample was + 20ºC. For comparison
results obtained with transmission method for this sample and at the same conditions are
shown in Fig.17.
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Figure 16. Sample 3 – results obtained with the reflection method
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Figure 17. Sample 3 - results obtained with the transmission method

Fig.18 shows temperature changes on the surface of sample 4 obtained with the
reflection method during cooling process. Initial temperature of the sample was +5ºC.
Results were obtained over cells containing 0.1 ml and 0.3 ml water. On the curve of
temperature changes for beginning of cooling process an effect of more heated black
reinforcing covering grid is visible. This influence is smaller for curves after 10 s and 20
s of cooling process. Thermogram made after 20 s of cooling process is shown in
Fig.19. On this thermogram places with cells containing water are very good visible.
Similar effect takes place for results with the transmission method (Fig.20).
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Figure 18. Sample 4 – results obtained with the reflection method
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Figure 19. Thermogram of sample 4
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Figure 20. Sample 4 - results obtained with the transmission method

4. Conclusions
In the paper selected results of non-destructive testing the honeycomb composites by IR
methods are presented. For all tests presented in 2 paragraphs the obtained results make
the detection and localization of water containing cells is possible. Analysis of these
results permits to qualify which cells of honeycomb contain more or less water. Smaller
differences of temperature were at the transmission method. This results from the fact
that the surface of sample recorded by the image camera is more heated in the reflection
method. Depending on the kind of core covering material the best results were obtained
for different phases of heating or cooling processes and at different initial temperature
of the sample. Therefore the best conditions of testing have to be defined separately for
each specific kind of material.
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