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Overview 

• Introduction: 
o Main components of CANDU® fuel channels; 
o Eddy Current Technology; 
o Experiential apparatus (probe). 
 

• Problem statement and motivation. 
 
• Numerical models for Eddy Current Probe: 

o Analytic solution; 
o COMSOL FEM models. 

 
• Results. 

 
• Discussion. 

 
• Summary.  

 
 
 



Background: CANDU® Fuel Channel 

Figure 1: A schematic of a CANDU individual fuel channel (left) modified from [1] 
and a schematic of the entire CANDU® fuel channel assembly (right) [2]. 



Motivation  

 
 

• Hydride Blistering 
• For inspection purposes, a non-

destructive probe is necessary to 
evaluate the following: 
– The PT-to-CT gap; 
– The axial location and proximity of 

the LISS nozzles to the CT. 
• Eddy Current technology offers the 

most economical solution to this 
problem. 

 

Figure 4: A schematic of an individual fuel 
channel (right) modified from [2]. 



Eddy Current Technology 

• Eddy-current testing is a non-
destructive testing technique that 
uses electromagnetic induction to 
detect flaws in conductive materials 
– Conventional;  
– Pulsed. 

• Advantages: 
– Non-destructive; 
– Inexpensive; 
– Can decipher geometric 
    sub-structures. 

• Disadvantages: 
– Only conductive materials are 

detectable; 
– Depth of penetration limited by 

material conductivity; 
– Limited range (~1-2 cm); 
– Analytic solutions difficult for 

certain geometries. 

Figure 2: A representation of a typical eddy current 
distribution in a conductive material for a transmit-

receive probe. Colour Axis indicates current density in 
arbitrary units. 
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Figure 3: A photograph of the experimental EC probe showing 
its basic components. 

 

Prototype Pulsed Eddy Current (EC) Probe 



Problem Statement: 
The qualification of an inspection system is a crucial step in evaluating a system’s 
capabilities against its inspection specification requirements and is a nuclear 
operator regulator requirement1. Therefore, a full understanding of the prototype 
probe operation is needed before it becomes a commercial product. 
 

 Project Scope:   
• Develop a COMSOL FEM model to 

simulate the PT-CT gap response for 
conventional and transient eddy current 
probes; 

• Compare the relative strengths of both 
eddy current technologies and create a 
proposal;  

• Finish the above two bullets within a 
Master’s program.  

 

Problem Statement and Project Scope 

Figure 5: A cross-section of the prototype probe. 
1J. A. Baron, Qualification of inspection systems in the CANDU nuclear industry, CINDE Journal 35 (1) (2014) 10–14. 



 
 
  

Modelling: Analytic model for Conventional EC 

• An analytic solution developed by Dodd et 
al.2 was used to validate the COMSOL 
models. 

• This analytic solution made the following 
assumptions: 
o Coils were modelled as integral sum of 

three-dimensional, axial-symmetric 
Dirac-delta coils  

o The PTs and CTs have infinite parallel-
plate geometries; 

o The copper shielding is an infinitely 
long rectangular slab; 

o The skin effect in the coil windings is 
negligible. 

• Assumptions  are valid when eddy currents 
are localized above the coils. 

Figure 6: A representation of the geometry modelled by 
the analytic solution. Modified from [3]. 

2C. V. Dodd, W. E. Deeds, Analytical solutions to eddy-current probe-coil problems, J. of Appl. Phys. 39 (1968) 2829–2839. 



COMSOL FEM Models for Conventional EC 
COMSOL AC/DC module: 
• The coils were modelled as multi-turn coils,  
• Drive coil connected to a 1 A current AC-source 

(same excitation used by the analytic model);  
• The pickup coil was excited by a 0 A current AC 

source (open circuit);  
• The magnetic potential vector A has zero 

magnitude as an initial value.; 
• Perfect conductors placed at model’s 

extremities; 
• Equation 1-2 solved everywhere, equation 3 

imposed in coils: 
 
 
 
 
 

• Two geometries were considered to quantify 
the geometric assumptions made by the 
analytic solutions. 
 
 
 
 

Figure 8: A screenshot of the 3D FEM model 
with the geometry of the actual probe. 

 

Figure 7: A screenshot of the 3D COMSOL model 
assuming a planar fuel channel 



Results: Comparison of FEM to Analytic Solutions 



Results: Continued 



Results: Continued 



Discussion 

• In general, the calculated FEM responses qualitatively match the analytic. 
• There is little difference between the pickup coil response with and without 

the coil shielding  
• This may infer that: 

o The presence of the coil shielding has a negligible effect on the pickup coil 
response. 
 

 
 



Summary 

• Preliminary FEM modelling results of EC response to pressure tube 
to calandria tube gap variation were compared against analytic 
solutions . 

• Agreement between FEM models and analytic model results was not 
satisfactory in some cases . 

• Further work is needed to experimentally validate the PEC COMSOL 
model. 
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Questions? 
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