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Abstract  

In this paper Induction Thermography is considered as a complementary and even as an 

alternate technique to the conventional non-destructive techniques of Magnetic Particle and 

Dye Penetrant Inspections, for the detection of surface defects in the mechanical 

maintenance arena. Experiments using Induction Thermography, on metallic 

electromagnetic specimens were performed, in the laboratory as well as on a 304L stainless 

steel pipe specimen, an HP turbine stud and a CV-joint obtained from the power plant. The 

results delineated the presence of cracks as a solid line with higher contrast compared to 

other areas of the specimens. The technique revealed defects that were also detected with 

the conventional NDT of MPI and DPI techniques within a short period of time, and may be 

considered as a preferable NDT technique for large surface inspections. 
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1. Introduction 

Induction Thermography is considered as an emerging active Infrared Thermography non-

destructive technique [1, 2], appropriate for electrically conductive materials [3]. The 

technique has been in use since the 1970's for testing cracks in steel bars [4]. It is a 

combination of induction heating and the use of an infrared camera to monitor the 

temperature contrast on the surface of the component being tested.  

Infrared Thermography (IRT) is a technique that uses a thermal imager (camera) to capture 

and process thermal information from the surface of equipment that radiates electromagnetic 

energy [5, 6]. An object with temperature that is above absolute zero degrees (Kelvin) emits 

electromagnetic radiation energy proportional to its absolute temperature to the fourth 

power. Therefore an infrared camera can capture and process the temperature profile that is 

exhibited on the surface of an object.  

Induction heating is caused by an electric current known as eddy current that is generated 

by an alternating current (AC) passing through an excitation coil or electric conductor placed 

near the part to be inspected. The induced eddy current will flow in the opposite direction to 

the coil’s current. Electrically conductive materials offer a resistance in current flow and this 

resistance results in loss of power in the form of joule or ohmic (resistance) heating. The 

phenomenon of heating a test piece by means of induction was initially discovered by 

Michael Faraday in 1831. He discovered that the AC current flowing through a circuit affects 

the magnetic field of a secondary circuit placed nearby [7]. Induction heating is used in 

industries for many applications such as materials’ tempering, hardening, brazing, pre-

heating, bonding, and welding.  

 

Figure 1: Schematic diagram of Induction Thermography 
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In figure 1 the crack depicted on the specimen will disturb the induced current flow and 

cause it to flow around it. Heat will be generated due to the high concentration of current 

density around the crack tip. The heat will raise the temperature in the locality and a surface 

temperature contrast will be generated which will be detected and displayed by the thermal 

imager. Any heat generated on the specimen depends on the density of the induced current.  

2. Theory of Induction Thermography 

The induced current in a specimen will flow to a certain depth from the surface; this is 

governed by the well-known skin effect, which depends on the frequency of excitation, 

electric conductivity and magnetic permeability of the material [8]. Figure 2 shows the 

relationship between frequency and skin depth. As stipulated by the graph and equation 1, 

the penetration depth increases as the frequency reduces.   

f  1
     (1) 

where δ is the penetration depth (m) of the induced current, f  is an excitation frequency 

Hz,   is the electrical conductivity S/m, and  is the permeability H/m of the material. 

 

Figure 2: Penetration depth vs frequency for 304L stainless steel 

The material under test gets heated by its resistance to the induced current flow. The heat 

generated is inversely proportional to the electric conductivity and proportional to the square 

of the magnitude of the electric current’s density [3]. The heat emitted by the test piece can 

be formulated as shown by equation 2. 
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Where   is the electric conductivity S/m, sJ  is the current density A/m2 or electric field 

intensity E  N/C. As mentioned previously, the presence of any defect in a material will 

restrict the induced flow which can result in a localized high current density and hence a 

localized increased heat generation according to equation 2. The localized heat generated 

will affect the surface’s thermal profile which is being monitored by the infrared camera.  

3. Experimental procedure for Induction Thermography 

The aim of this study was to assess the effectiveness of Induction thermography in detecting 

surface defects on a 304L stainless steel specimen, an HP turbine's stud (high-pressure 

turbine stud) and a CV-joint (constant velocity joint). Figure 3 is a typical Induction 

Thermography set up of the target (specimen), an induction conductor or coil, the AC-DC 

current generator and an infrared camera. 

 

Figure 3: Induction Thermography testing set-up 

A MAGNAFLUX AC-DC current generator was employed to generate the AC and DC 

currents. The generator had a maximum current of 1000Amps, at a 50Hz frequency 

(depicted in Figure 3). A FLIR T640 thermal camera was used to monitor the temperature 

profile or surface temperature contrast along the entire test piece. 

The 304L stainless steel specimen in Figure 4, was obtained from piping that had been 

removed from service due to the presence of stress corrosion cracking (SCC) that had 

developed over the course of many years. The presence of SCC on the pipes was identified 

previously by DPI. The specimen was cleaned using a degreasing agent to remove 

impurities. During the thermography experiment, the specimen was secured on a wooden 

support at 900 perpendicular to the horizontal surface.  



 

Figure 5 depicts a specimen obtained from an M80 HP turbine stud (Material Specification 

Z12CNDV12.02) that was removed from service due to an indication of thermal 

embrittlement that developed between the threads in a 2600C environment. Prior to the 

inspection, the specimen was cleaned using a degreasing agent to remove impurities and 

was placed against the wooden bracket such that the inspected surface was perpendicular 

to the horizontal surface. 

Figure 6 shows a CV-joint that was removed from service for inspection. The MPI and DPI 

NDT techniques indicated the presence of the defect on the shoulder of the joint (where the 

stub and housing joined).  

 

Figure 4: Typical 304L stainless steel test piece 

 

Figure 5: Turbine’s stud specimen 

 

Figure 6: CV-joint 



 

In order to test the 304L stainless steel specimen and the HP turbine's stud, a straight 

conductor 400mm long was manufactured from 8mm copper tube. For the CV-joint an 

induction coil was manufactured from 6.23mm copper cube (see Figure 7). The conductor 

and coil were mounted on a wooden bracket with the ends connected to the terminals of the 

AC-DC current generator.  

 

Figure 7: Coil used for CV-joint inspection 

3.1 Induction Thermography testing 

During the experiments for the 304L Stainless steel and the HP Turbine's stud, the current 

generator was set to produce 400Amps alternating current, with the copper conductor 

connected to the terminals of the voltage supply cables. The conductor was placed parallel 

to the horizontal length of the specimen; the gap between the specimen and the conductor 

was set at 2mm. The camera was set at a distance of 0.5m facing the surface of the 

specimen. For 304L stainless steel, the conductor was powered for 30s and thereafter 

removed to avoid any reflections on the specimen which would affect the specimen's surface 

temperature profile.  

The experimental set-up for HP turbine stud was similar to the one for the 304L stainless 

steel. The conductor was powered for 35s and thereafter removed to examine the stud 

thoroughly without obstruction/reflections. 

The test performed on the shoulder of the CV-joint used the induction coil. The coil was fitted 

around the shaft stub of the CV-joint closer to the housing leaving a gap of approximately 

3mm. The current generator was set to produce 600Amps alternating current, with the 

copper conductor connected to the terminals of the voltage supply cables. The coil was 

powered for a period of 35s and thereafter removed to observe any indications of the 

presence of a defect on the shoulder of the CV-joint. 



 

3.2 Results of the Induction Thermography tests 

Figures 8, 9 and 10 are thermo-grams of 304L stainless steel specimens, HP turbine stud 

and CV-joint. On the left-hand side is a thermal image of the specimen before excitation, and 

on the right-hand side is a thermal image subsequent to induction heating.  

 

 

Figure 8: 304L stainless steel after excitation 

 

Figure 9: Results of M80 HP turbine’s studs after excitation 

 

Figure 10: Results of CV-joint after excitation 
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3.3 Discussion of the Induction Thermography results 

The presence of defects (cracks) was made visible by an increase of temperature at the 

defect. The IRT showed the intensity of the heat at the defects as a temperature contrast 

compared to areas without defects (see Figures 8, 9, and 10). The temperature contrast 

produced by the defect was also observed by Goldammer et al [9] when inspecting the rotor 

wedges of a power generator using Induction Thermography.  

The thermal profile of the defects (cracks) obtained in this study and by Patrick et al [10], 

Topelas et al [11] and Maillard et al [12] appeared as a solid line with heat intensity on the 

entire crack, different from the results obtained by Ruizhen  et al [13], Jia et al [14] and 

Jianping et al [3] where the heat intensity concentrated at the edges of the cracks. According 

to Vrana et al [4], the thermal profile depends on the type of crack. Open cracks will 

generate intense heat at the edges while close cracks will have a series of heat intensity in 

the form of dots due to contact bridge effect which might look like a solid line. However, an 

increase in current density can influence both scenarios to have a solid heat intensity as a 

line.  

The technique is limited to metallic components. The thermal contrast created by the defect 

does not reveal any reliable or exact geometrical information in terms of the defect's size but 

perhaps an approximation. 

4. Magnetic Particle Testing  

Magnetic Particle inspection was employed to inspect the HP turbine's stud and the CV-joint. 

The inspection was performed in a room with visible light (normal room light). The specimen 

was cleaned with degreasing agent to remove the impurities such as oil, grease, loose rust 

on its surface.  A White Contrast Powder  Magnaflux WCP-2 was applied on the surface of 

the specimens to provide a thin and smooth high contrast background. An AC Articulated 

Magnaflux Y6 yoke with adjustable poles was used to induce magnetism on the specimens. 

Magnetic Particle Inspection ink Magnaflux 7HF was applied on the inspected surface during 

the magnetization of the specimens. At the site of the flaw, a local flux leakage field was 

created thereby attracting the small metallic particles in the wet inspection medium and, 

against the white background, the presence of the flaw becomes readily visible as dark line.  

4.1 Results from the Magnetic Particle Inspection 

Figure 11 depicts the stud during the MPI inspection. Figures 12 and 13 illustrate the results 

obtained during the Magnetic Particle Inspection technique on the HP turbine's stud and the 

CV-joint respectively.  



 

 

 

 

Figure 11: Experimental set-up of MPI with the turbine’s stud 

 

Figure 12: Turbine stud specimen 

 

Figure 13: CV-joint from service 
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4.2 Comparison between Induction Thermography and MPI 

The Induction Thermography results obtained from the HP turbine stud and the CV-joint 

were verified with the results obtained using the MPI technique. The validation indicated that 

Induction Thermography could detect similar defects to that obtained by MPI. When 

inspecting the HP turbine stud, both technique detected defects/cracks between threads (in 

the root of threads) and with the CV-joint both techniques could detect the crack between 

shaft stub and housing. In both cases, the Induction Thermography inspection appeared to 

provide clearer contrast indications of the defects than those from the magnetic particle 

inspection. 

Patrick et al [15], reported on Induction Thermography and Magnetic Particle Inspections on 

26 wheel hubs. The results indicated that Induction Thermography revealed more defects 

and could detect radial and circumferential defects effectively, whereas MPI could hardly 

detect circumferential defects.  

5. Dye Penetrant Inspection  

Dye Penetrant Inspection was employed for detecting surface defects on 304L stainless 

steel plate, the HP turbine's stud and the CV-joint. The inspection was performed at room 

temperature and ambient room light. The DPI technique was successfully completed by 

employing, SKC-S2 cleaner/remover to remove any impurities that might clog-up the crack 

opening and prevent the penetrant from filling the crack voids, SKL-SP2 red penetrant to 

seek out and enter the surface flaws, and SKD-S2 developer, this product  forms a white dry 

thin layer to absorb the penetrate inside the cracks.  

The surfaces of the specimens were cleaned and sprayed with SKL-SP2 red dye penetrate 

and allowed a period of 15minutes to penetrant via a capillary action into  the cracks. After 

the waiting period, a paper towel was sprayed with SKC-S2 cleaner/remover and the 

specimen's surface was cleaned of excess penetrant and allow to dry by evaporation. The 

SKD-S2 developer was shaken and applied on a surface of the specimen to restore fully the 

white developer particles suspension. Cracks were indicated by the presence of penetrant 

drawn from the crack void as red lines against the white developer background. On 

completion, the developer was removed by using a dry paper towel. 

5.1 Results of the Dye Penetrant inspection 

Figures 14, 15 and 16 illustrate the results obtained during the Dye Penetrant Inspection on 

the 304L stainless steel plate, the HP Turbine’s stud and the CV-joint. 



 

 

  

Figure 14: DPI results from the 304L stainless steel test piece  

 

Figure 15: DPI results from the HP-turbine’s stud specimen 

 

Figure 16: DPI results from the CV-joint 
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5.2 Comparison between Induction Thermography and DPI 

The Induction Thermography results from 304L stainless steel specimen, the HP turbine 

stud, and the CV-joint were compared with those obtained using the DPI technique. It 

appeared that Induction Thermography could identify similar defects those obtained from the 

DPI. The defects observed on the 304L stainless steel specimen were a crack and pitting. 

However, with DPI the contrast of the observed crack was not as expected. This might have 

been caused by the crack clogged-up with foreign substances such as SKD-S2 developer 

from previous inspection not allowing the dye penetrant to fill the cavity sufficiently. When 

testing the HP turbine stud, both techniques detected defects/cracks between threads (in the 

root of threads), and with both techniques, during the inspection of the CV-joint, the crack 

between the shaft stub and housing was revealed. The results obtained from this study 

indicate that Induction Thermography is a suitable alternative technique to traditional DPI. 

6. Conclusions  

This study demonstrated that Induction Thermography may be considered as an alternative 

technique to MPI and DPI for the inspection of metallic surfaces for defects, since it could 

reveal similar defects with that obtained from the traditional NDT of MPI and DPI. Similar 

conclusion was reached  by Patrick et al [10] when comparing Induction Thermography with 

MPI and DPI in detecting defects on forged parts. Udo et al [16] claimed that Induction 

Thermography is a fast non-contacting NDT technique even for complex shaped metallic 

components and a suitable alternative to MPI. 
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