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Abstract 

 
Hard facing alloys like Colmonoy are overlaid on nuclear components to provide corrosion, 

wear and galling resistance under high temperature service conditions. Typical reactor 
components on which overlays are provided include grid plate, diverse safety rod drive 
mechanism etc.  The thickness of the overlay ranges from 0.5-3 mm.  Typical defects likely 
during deposition include lack of bonding between substrate and overlay, cracks and porosities. 
Conventionally ultrasonic, LPT and radiography has been used for the process qualification and 
on the actual components.  It is well established that thermal imaging can be used for detection 
of detects especially lack of bonding and materials characterization.  Conventionally active 
techniques such as pulsed thermal imaging have been employed.  This paper highlights the 
successful application of lock-in thermography for characterization of colmonoy coatings.  The 
main advantage of lock in technique is that it is unaffected by emissivity variations and also 
defect depth can be estimated.   

  
A Silver-420 system with pulsed and lock in thermography was used for the study. A 

sinusoidal signal was used and the frequency of modulation varied from 0.05 Hz –0.5 Hz. The 
images were acquired at a frame rate of 50 Hz and the integration time was 1600µs.  The sample 
consisted of Colmonoy coating (2-3mm) on a 316 LN substrate. 5% notch and 2φ flat bottom 
holes were introduced on the Colmonoy coated side for calibration.  The phase and the amplitude 
images were analysed.  It was observed that the average phase angle could be clearly used for 
detecting thickness variations and presence of debonds in the specimen.  The results were 
correlated using ultrasonic techniques.  Results clearly indicate the superior defect detectability 
and quantization by lock in method especially for coatings.  This paper presents in detail the 
experimental methodologies, challenges and also the results of the investigation.   
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1.0 Introduction  

 
Hard facing alloys like Colmonoy and Stellite are overlaid on nuclear components to provide 

corrosion and wear resistance under high temperature service conditions. For nuclear 
applications especially for components used inside the reactor, Colmonoy overlays are preferred 
over Stellite.  This is because; Stellite is a Cobalt based alloy.  In a reactor, Cobalt-59 gets 
converted to Cobalt-60 by absorbing a neutron.  Co-60 is a radioactive isotope with a half life of 
5.7 years emitting two gamma rays of energy 1.17 MeV and 1.33 MeV respectively. Since it is 
always desirable to have components which donot get activated and thus contribute less to the 
overall radioactivity, Colmonoy overlays with Co-59 of the order of 0.2 % max compared to 60 
% of Co-59 in Stellite are preferred.   

 
Gas Tungsten Arc Welding (GTAW), Plasma Transfer Arc (PTA) are used to deposit these 

alloys, at various locations on the components. Typical reactor components on which overlays 
are provided include the grid plate, diverse safety rod drive mechanism etc. The minimum 
thickness of overlay has to be 1.0 mm. This minimum thickness is achieved by initially 
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depositing about 3.0 - 4.0 mm overlay and then machining the same. Typical defects likely 
during the process of deposition include lack of bonding between the substrate and overlay, 
cracks and porosities. Conventionally ultrasonic normal beam technique, liquid penetrant 
examination and radiography (depending on discontinuity expected) have been used for the 
process qualification and on the actual components. In this experimental work, authors explore 
the feasibility of using Lock in thermography for the detection of defects especially lack of 
bonding which is more serious and not permitted.   

 
2.0 Principle - Lock In Thermography 

  
Thermography is a well established that thermal imaging can be used for detection of defects 

especially lack of bonding and materials characterization.  Conventionally, active techniques 
such as optical pulsed thermal imaging have been successfully employed for the detection of lack 
of bonding in high temperature Nickel coatings [1]. An advanced thermal imaging technique is 
lock-in thermography.  Pioneered by Prof. Busse, University of Stuttgart [2,3],  lock in 
thermography finds extensive applications especially in the aerospace industry[4].  It has been 
used for the detection of near surface defects, determining material properties and measuring 
thicknesses of coatings [5,6].   

 
Lock-in thermography uses a continuous sine heat wave rather than a pulsed heat source. The 

object is illuminated by a harmonic modulated (sinusoidal) heat source. The absorbed heat 
generates a thermal wave at the surface of the object, which propagates inside and gets reflected 
from interfaces where the physical heat propagation parameters are changing (e.g. at voids or 
debonding). The interference of incoming and reflected waves leads to a harmonic oscillating 
radiation pattern on the object surface, which is detected by the infrared camera.  By measuring 
the phase, one can differentiate the good and defective areas on the object surface. Thus by 
analysing the phase and amplitude images, one can clearly differentiate between the good and 
defective regions.  The main advantage of lock in thermography compared to other active 
thermal techniques is that problems due to emissivity and non-uniform heating are minimized.   

 
Experimental Approach 

  
Fig. 1 is the schematic diagram and fig. 2 is the photograph of the sample used for 

investigation.  The colmonoy overlay was created on an AISI 316 LN substrate using the Plasma 
Transfer Arc (PTA) welding.  The initial deposit of 4.0 mm was machined to arrive at a final 
overlay thickness of 2.5 mm which represents the condition of the job while performing the 
examination.   For the purposes of calibration, a 5% notch and 2 mm φ flat bottom hole and 2 
mm φ side drilled hole were made as indicated in Fig. 1.   
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Figure 1 Schematic Diagram of the Sample 



  
 
 
 
 
 
 
 
 

 
 

The thermal imaging system model Silver- 420 of M/s CEDIP, France with pulsed and lock-
in thermography facility was used for the study. The salient features of the system are 
summarized in Table – 1.  A sinusoidal signal was used and the frequency of modulation varied 
from 0.05 Hz –0.5 Hz. The images were acquired at a frame rate of 50 Hz and the integration 
time was 1600µs.  The thermal images were analysed using the ALTAIR-LI software which also 
has features for image processing and analysis.  

 
For validation of the results obtained using lock-in thermography the specimen was also 

subjected to ultrasonics and radiography.  Ultrasonic examination was carried out using the 
Ultrasonic flaw detector model ESM 2M of M/s EEC, Mumbai. A 6 MHz normal beam 
transducer was used.  Radiography was carried out using Eresco 200 MF of M/s Seifert, Mumbai 
X-ray unit.   The radiographic parameters are summarized in Table – 2.  

 
Table-1 

Salient Features of Thermal Imaging System 
 

Model SILVER 420 
Detector type Focal Plane Array 
Detector InSb 
Cooling Striling Cooler 
Spectral range 3.6 – 5.1 µm 
Temperature range 233K - 1573K 
Thermal sensitivity 25 mK 

 
 
Results and discussion 
 
Figure 3 is the amplitude thermal image and fig. 4 is the phase image.  The amplitude image 

clearly reveals the notch and flat bottom hole.  Apart from these all the surface variations 
manifest themselves on the image including a scratch on the surface.  The phase image on the 
other hand reveals not only the notch and the hole but also a debonded region. The phase angle 
value at the notch and debonded region was measured and observed to be almost same (-81.47 
and -81.57 degrees respectively). Compared to a good region, the phase angle value in the 
debonded region had a large difference of about 41.25 degrees.  Optimization of modulation 
frequency is quite important in the detection of the debonded region.  Through appropriate 
histogram equalization and spatial filtering, the extent of debonded region was also determined.  

 

Figure 2 Photograph of the Sample 



To confirm the observations of lock in, high sensitivity radiography and ultrasonic 
examination of the specimen surface was also carried out.  Figure 5 is the digitised radiographic 
image.  Appropriate masking had to be adopted during radiography to prevent undercutting.  
Radiography could reveal the flat bottom hole and notch but not the debonded region.  Ultrasonic 
examination could clearly detect the notch holes and also the debonded region.  Figures 6&7 
show the typical A scans of a good region and also the multiple echoes from the debonded 
region.  To determine the actual area of debonding, the specimen surface was scanned and 
mapped manually.  The area predicted by ultrasonic technique matched well with the dimensions 
predicted by lock in thermography, the variations was found to be less than 5%.   

 

Notch 
Hole 

Fig. 5 Digitised Radiographic Image of Colmonoy Sample 
 

2Φ Flat bottom hole  

5% Notch 

Scratch 

Fig. 3 Amplitude thermal image.  The surface and emissivity 
variations clearly manifest on the surface. 

5% Notch 
Debonding 

Fig. 4 Phase thermal image.  Apart from the notch, the debonded 
region indicated by the ellipse can be clearly seen. 



 
 

 

 
 

Plot of Phase Angle Vs Frequency 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

Conclusions 
 
It can be concluded that lock in thermography is a sensitive technique for detection of 

debonds in colmonoy overlays.  The main advantage as compared to other active thermal 
imaging techniques is that emissivity and surface variations don’t manifest and the phase angle 
variation is a clear indicator of the defective regions.  Compared to ultrasonics, the main 
advantage of lock in thermal imaging is that it is a whole field technique and an entire area can 
be covered in a single step. The examination time is also quite small.  No surface preparation or 
cleaning is required.  It gives a visual image that can be evaluated and the nature and size of the 
defects determined.  However, the technique is limited by the material thickness that can be 
examined.   

      
 

Fig 7: Indication of debonding 
when the probe is placed at the 
coating side 

Multiple reflections 
from the debond 

Fig. 6 : Multiple back wall reflections 
from a good region 
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