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Abstract

Lockin thermography with its capability to monitor modulated heat flow in large areas (several m?)
within a few minutes is applied to the rapid and remote inspection of aircraft structural components.

While some of our earlier work was devoted to the detection of subsurface structures and defects
such as impact damages, delaminations, and hidden corrosion areas, we investigate in this paper how
well the method is applicable to monitor the tightness of mechanical joints such as screws, rivets, and
boits.

1. Introduction

The operation of safety relevant structures (e.g. aerospace equipment and vehicles)
requires reliable inspection techniques where defect areas are detected early enough to
prevent catastrophic failure. As many structures still consist of metal, the rapid and remote
identification of loose rivets is a topic of major concern. Therefore a method is needed that is
applicable during inspection procedures to monitor the integrity of structures.

The purpose of this paper is to show that optical lockin thermography (OLT) /1-5/ can be
used for such inspections. The basic idea is that remotely generated heat transport is
sensitive to the metal/metal contact in the compressive area around screws or rivets.

Lockin thermography with optical excitation is a multiplex photothermal technique where
modulated heat is generated in the surface of a sample by absorption of intensity modulated
radiation. The resuiting temperature modulation propagates as a thermal wave which causes
a modulation of thermal emission. Therefore an infrared detector is a good thermal wave
detector, and a thermography camera tuned to the modulation frequency of the radiation
allows for phase angle imaging of the local delay between energy deposition and
temperature change /4,5/. The change of heat contact caused by the compressive stress
around the rivet can therefore be revealed by the phase angie image.

2. Experimental arrangement

The experimental arrangement shown in fig. 1 is similar to the one used before for other
investigations with OLT /4,5/. In order to provide adjustable different levels of compression
we simulated rivets by screws fastened at different levels of torque. Thereafter the screws
were replaced by an array of blind rivets. Illumination was achieved by lamps whose time
dependence of radiation was controlled by the OLT system at a frequency of 0.06 Hz. The
time for one image was typically about 3-4 minutes.

3. Restlts

Experiments were first performed on model samples where the effect of rivets was
simulated in a reproducible and adjustable way by screws. After the applicability of the
method had been established the measurements were extended to riveted model samples
and then to realistic riveted components. Results of the different stages are reported
separately in the following.
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3.1. Model samples

Fig.2a is the phase angle image obtained on an array of 6 screws tightened at different
torque levels. The phase angle along lines through the centres of the screws (fig. 2b) shows
that the height of phase maxima correlates with the applied torque. The evaluation for two
different screw sizes (M8 and M10, fig.2c) confirms that signal phase is suited as an indicator
for the achieved compressive stress around the screws. If such a dependence is intended as
a calibration curve, one must keep in mind that it is highly specific for the size of the screw
and for the thickness and the material of the plates.

When we had shown that different levels of compressive stress can be determined
remotely with OLT (a result which is of interest not only for model samples, but also for
applications where all screws have to be tightened in the same way), a similar array
consisting of 10 blind rivets was investigated. Different levels of compression were achieved
by modifications of the cross section of the breaking point from 1.13 up to 3.32 mm2 The
result (fig. 3a) shows the differences though the cross section is only a qualitative indicator.
The evaluation gives the curve of fig.3b where the cross section is related to the maximum of
phase angle. The change of slope as compared to fig.2 is a consequence of the change of
material (aluminium instead of nickelised steel) and of plate thickness (1.5 mm instead of
2 mm) /6-9/.

In order to find out whether the effect of excessive mechanical stress can be detected,
OLT images were taken before the sample was exposed to tensile stress and thereafter. The
result presented in fig. 4 clearly indicates the difference. So it has been proved that damage
caused by excessively loading riveted joints can be revealed rapidly and in a remote way.

3.2. Real samples

A circular cover provided with 10 rivets was inspected after two rivets (nr.4 and nr.5 in
fig.5) had been loosened by purpose from the rear surface. The surprising result is that the
signal obtained for these two rivets has the same level as the one of rivet no. 10, which was
not modified. So we have to conclude that this rivet also provides only a reduced
compressive stress. This is an example where a defect could be discovered that had not
been built in before. A linear arrangement of rivets is seen on the aeroplane component in
fig.6. Some of the rivets had again be loosened by purpose from the rear surface. Their
phase signal in the OLT image differs clearly from the one of the other rivets thereby
revealing the loss of compression stress.

4. Conclusion

The results of our feasibility study performed with OLT indicate that one can locate
screws and rivets which provide only a reduced stress. Also the effect of excessive load on
rivet compression could be established. This resuit should be of interest for inspection and
maintenance of safety relevant structures.

However, there are still some problems fo be solved in further investigations:

e Corrosion effects might be superposed. Though they are dangerous as well, it is

important to separate them from loss of compressive stress.

* Rivets do not always consist of the same material. Loss of compression should be

detectable independently of the material effect. This is of particular importance if the
rivets are hidden under paint.
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Fig. 1. Experimental arrangement
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Fig. 2a. Phase image at a frequency of 0.06 Hz of nickelised steel plates (thickness
2mm) pressed together by screws that are fastened at different torque levels
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Fig. 2b. Phase profiles A-A (40 Nm — 50 Nm — 30 Nm) and B-B (20 Nm — 0 Nm —~ 10 Nm)
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Fig. 2c. Correlation of phase values with different torque levels
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Fig. 3a. Phase image at a frequency of 0.06 Hz of two aluminium plates (thickness
1.5mm) pressed together by an array of 10 blind rivets with different cross sections.
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Fig. 3c. Correlation of phase values with different rivet tightness
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Fig. 3b. Phase profiles of the riveted sample
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Fig.4. Phase image at a frequenéy of 0.06 Hz of a riveted sample
: before and after application of tensile stress

rivets 3and 4 loose rivets

Fig.6. Phase image at a frequency of 0.06

Fig.5. Phase image at a frequency of 0.03 Hz of a riveted aeroplane component
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