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Abstract. Aircraft inspection NDT methods are usually based on manual perform-
ing. But if inspections have to be done within short intervals and at large area com-
ponents, this can be an expense factor for the operator. The described test case is a 
periodic check of the aluminum skin of the B737 fuselage for fatigue cracks. Within 
the described project state-of-the-art eddy current testing is intended to be replaced 
by the use of an automated thermographic sensor positioned on a robot test device. 
For crack detection induction excited thermography is used. This method offers ro-
bust, contactless and extensive testing of these structures by a defect selective visu-
alization of induction heating irregularities. The undelaying principle is a con-
striction of the eddy currents at cracks, resulting in a local heating, even if they are 
occurring subsurface. 

1. Introduction  

The cabin of aircrafts made of aluminum sometimes can show fatigue cracks at body shell 
of the fuselage in the life time cycle. To ensure the airworthiness of the aircrafts, it is essen-
tial to detect these cracks in a stabile state of crack growth within the maintenance interval. 
Otherwise this can result in an extensive failure of the outer skin panels at the flight mis-
sion.  

For detection of the cracks by NDT methods the growing from the inside to outside 
pockets of the fuselage is detrimental. Because of the cover panels of the cabin interior, 
there is no possibility to do a visual check or dye penetrant testing from the inside of the 
fuselage, the location of crack initiation. The status quo maintenance concept is manually 
carried out NDT inspections of the critical areas by conventional eddy current probes. But 
this technique has drawbacks, the measurement results are faulted by thickness gaps of the 
skin panels near to the typical crack location, because of the manually mode of action a 
high downtime is recommended and also an auxiliary equipment like scaffoldings, docks or 
lifting gears is needed. 

The intention of the presented concept for NDI by active thermography is to reduce 
testing times by the development of an automated, self-moving inspection device based on 
induction excited thermography combined to on-line processing by image evaluation soft-
ware.  
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2. Fatigue cracks at the fuselage of the Boeing 737 

Ageing aircrafts of the type Boeing 737, designed for short distance flights, usually are do-
ing high counts of flight mission numbers within the live cycle. The cyclic stressing, con-
sisting of hoop stress and other operational stresses (i.e. bending loads), are causing a fa-
tigue damaging in the skin at the “Chem-Mill Pockets”. These pockets were manufactured 
by a chemical milling process from double-layer aluminium sheets: The pocket is sur-
rounded by doublers and are consisting of only one-layered skin. The typical fatigue dam-
ages at the Chem-Mill Pockets are small cracks in the unreinforced outer skin panel, result-
ing by intense change in stiffness to the transition to stringer. They are usually orientated 
horizontally and located adjacent to the lap joints at the thickness gap and are growing from 
the inside to the outside of the fuselage, see Figure 1. 

 
Figure 1: Chem-Mill Pockets and typical crack location 

3. Induction excited thermography 

Active thermography is based on forced excitation of a heat flow in an object by external 
heat sources. In contrast to flawless specimens, flawed specimen shows variations in the 
transient surface temperature. Differences in thermal images - recorded with infrared cam-
eras - of flawed and flawless specimens are used for the evaluation. [1], [2] 

A number of different techniques are available for thermal excitation. In addition to 
induction heating, typically used excitation sources are optical heating (intense light, la-
sers), mechanical stress (high power ultrasound) or convective heating (hot air). [1]  

For this application a decision was made for inductive excitation because it is defect 
selective for cracks and offers a contactless mode of action also. The functional principle is 
generally based on energy dissipation from losses of eddy currents induced in the specimen. 
In case of a crack at the specimen the induced eddy currents have to yield and by this gets 
constricted. The resulting increase of the current density creates a heat production locally 
and by this a temperature gradient at the surface. By choice of the induction frequency a 
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control of the penetration depth of eddy currents, which is determined by the skin-effect 
along with the electrical and magnetic material properties, is also possible. [3], [4]; [5] 

Figure 2 shows the testing setup of induction excited thermography used for the de-
tection of fatigue cracks. A control and measurement computer manages the measurement, 
records the IR-camera images, and triggers synchronized start/stop signals controlling the 
induction generator. The resulting eddy currents in the object, generated by the inductor, 
are heating the cracks locally at the crack tips. The infrared camera is arranged overhead of 
the inductor. 
 

 
Figure 2: Schematic diagram of induction excited thermography for crack detection 

To evaluate the thermal waves pulse-phase-thermography has been chosen. The underlying 
principle is to excite the heating of specimen by a quite short induction pulse. For a simpler, 
robust and more defect-sensitive evaluation of the results, the recorded IR sequence is 
transformed with a discrete Fourier transform (DFT) pixel by pixel. The result is a phase or 
amplitude image. This method offers quick and solid evaluation of the test specimen. [1] 

4. Active principle of defect detection 

The crack detection in aluminium sheets is a result of a constriction of induced eddy cur-
rents by yielding the material gap opened by the crack, resulting in high electrical losses 
and an effective local warming of the specimen. Usually eddy currents are induced only 
near to the surface. [4], [5] Since a detection of cracks beneath the surface is needed, it is 
essential to induce eddy currents within the full thickness of the specimen. 

The penetration depth of eddy currents is limited by the effect of self-induction and 
is defined by the skin depth δ. The skin depth describes the location where the eddy current 
density is decreased to a level of 1/e. Within the range between the coil-near surface of the 
material and skin depth 86% of inductive power is transferred to heating energy. [4], [5] 
The skin depth is depending on electromagnetic properties of heated material (electrical 
resistivity and magnetic permeability) and on induction frequency. The equitation for de-
termination of skin depth and the effect of the choice of frequency to the penetration depth 
of aluminium materials is illustrated in Figure 2.  
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Figure 3: Penetration depth of eddy current as a function of induction frequency 

 
For this case of given material properties (Aluminium 2024-T3, 1.0 mm thickness) the fre-
quency has to be chosen lower than fInd,max= 14.5 kHz. Below this frequency it is theoreti-
cally possible to detect also cracks on the rear side of the aluminum sheets with a very 
small crack depth. The used MF-induction generator provides a freely selectable of fre-
quency in a range of fInd= 8…50 kHz and by this a good adaptability to the thickness of the 
aluminum skin. As it is possible to reduce the frequency the testing will be more sensitive 
to rear sided cracks with a lower crack depth.  

5. Results of induction excited thermography 

Due to the difficulties in generation of real grown cracks parallel to the sheets surface and 
to obtain authentic aluminium sheets with defined crack depth, the first systematic studies 
are carried out at specimen with slits in the surface. The slits are eroded into sheets made 
from the same aluminium alloy and thickness (1.0 mm) of the B 737 fuselage. These slits 
were exhibit in a variation of depth dS= 0.1…0.9 mm and a width of wS= 10…25 mm, con-
tinuous or fractional. By this a determination of depth resolution and minimal crack length 
for the detection is possible. Figure 4 shows the results of the thermographic testing at the 
specimen with slits of wS= 25 mm with and different remaining skin thickness. 
 
 

 
Figure 4: Result of the induction excited thermography for rear sided slits with different remaining skin 

thicknesses (0.1…0.9 mm) 
 
As a result of this examination a reliable detection of these slits is reliably possible under-
neath a remaining wall thickness of 0.5 mm is feasible. Even slits with a remaining wall 
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thickness of 0.6 mm and 0.7 mm are detectable, but they are offering an obvious lower sig-
nal-to-noise ratio. With the application of edge-filters (i. e. by sobel-operator) these results 
could be even more improved.  
 It turned out that authentic grown cracks do offer an even better signal to noise ra-
tio, see Figure 5.  
 

      
Figure 5: Typical results of induction excited thermography at real cracks of different length 

 
These cracks do exhibit the typical crack signal by induction excited thermography, con-
sisting of hot spots at the crack tips, and a low signal at the cracks centre. The distinctions 
of the characteristic signals of slits and cracks can be a result of the differences in geomet-
rical shape, it is supposable this is caused by the tangent interfaces at the crack tips of real 
cracks. 

By this a very good detectability with high signals of real grown cracks is expecta-
ble and therefore a good feasibility of automatic image evaluation given. 

6. Application of Inspection 

The concept proposes a mobile robot testing unit moving along the fuselage and inspects 
the aluminum shell for cracks step by step. The thermographic search unit will have the 
ability to inspect each one entire edge of two adjoining Chem-Mill-Pockets simultaneously. 
This can be reached by the special design of the inductor (coil) and infrared mirrors for 
adoption of the cameras field of view. The schematic build-up of the search unit is shown 
in Figure 6.  
 

 
Figure 6: Schematic setup of thermographic inspection unit 

 
According to the thermographic testing (within a test time about 0.1 s) the robot test device 
is moving the testing unit to the next field of inspection. The robot test device is able to 
move the inspection unit to four fields of inspection without moving forward, by this the 
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inspection times can be reduced to a minimum. The fixture of the device to the fuselage 
will be done by pneumatic bases and it is moving autonomous. 

7. Summary 

The the aluminium body shell of the B737 fuselage can exhibit fatigue cracks within the 
life-time. Because of the state-of-the-art inspection method (eddy-current-testing) draw-
backs new approaches for NDT are on demand. The represented approach is deploying in-
duction excited thermography for crack detection. This technique offers an accurate de-
fectselective detection as well of small cracks, even if the crack path is below the surface, 
and thus an evaluation of the fatigue condition of the body shell. Therefore, induction ex-
cited thermography is an excellent method for the inspection of the aluminium skin of the 
B737 fuselage. 

Inspection times can be reduced to a minimum by an extensive testing area and 
short measurement periods. The automatic evaluation of thermographic results and the au-
tonomous moving of the testing times will reduce the inspection costs for the operator to a 
minimum.  
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