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1. Introduction 
 

The defective fuels of nuclear reactors, which 
affect the safety of nuclear reactor operation, are 
inspected using ECT(Eddy Current Test). ECT, 
which inspects the defects in fuel rods through 
eddy current due to electromagnetic induction law, 
is an effective method acquiring defect shape, 
defect size in fuel rods and defect location[1-5]. 
In this study, the eddy current test on the fuel rods, 
which are irradiated in Young Kwang 4 reactor, is  
performed, and the defect signals of fuel rods are 
acquired and the integrity of the fuel rods is 
evaluated, and the reliability of the eddy current 
test is confirmed by comparing the results of ECT 
with those of visual inspection. These PIE(Post 
Irradiation Examination) data are available for 
reactor operation and the design of nuclear fuels.  
 

2.Experiment Apparatus and Measurement 
 

The eddy current test system is composed of 
differential encircling coil probe inside hotcell 
and main equipment, signal processing device 
outside hot cell. The main equipment of test 
current test system excites the frequency in 
encircling coil and induces eddy current on the  
cladding of fuel rods. As the eddy current due to  
the defects of fuel rods varies, the variation of coil 
impedance comes to the defect signals of eddy 
current. The amplification of these eddy current 
signals is displayed on CRT. These impedance 
signals of main equipment are divided into 
resistance, reactance component and connected 
PC through A/D converter. The A/D converter 
has a resolution of 12 bits and the program for 
collecting and analyzing the eddy current signals 
is manufactured using C language. The operations 
of upper/lower direction and rotational direction 
of fuel rods are carried out and test locations of 
fuel rods are displayed with real time by 
fabricating the control device of step motor.  

The fuel rods for test are fuel rods with 2.365%, 
3.350% of U-235 enrichment, which are 
irradiated in Young Kwang 4 reactor. The ECT on 
these fuel rods are performed with test frequency 
100-400kHz, gain 1.0-0.03125, optimal frequency 
200kHz using differential encircling coil probe 
and the defect signals of eddy current are stored 
and the data are printed. Fig. 1 show the defect 
signals of eddy current on B208-R8.  

 

 

Figure 1. ECT signals of fuel rod B208-R8. 
 

3. Results and Discussion 
 

 The results of ECT on B208-R8 fuel rod show 
the defect signal of ECT at 96 mm from the 
bottom of the fuel rod. This defect is predicted as 
through-hole by analyzing impedance phase angle 
in impedance plane in Fig. 2. The predicted 
through-hole of ECT is confirmed by comparing 
the results of ECT with those of visual inspection 
in Fig. 3.    
 

 

Figure 2. Impedance plane on 96mm from  
fuel rod B208-R8 bottom end. 

 

 

Figure 3. Photograph of fuel rod B208-R8. 
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 Figure 4. ECT signals of fuel rod D103-K2. 
 
From Fig. 4, the results of ECT on D103-K2 

fuel rod show the defect signals of ECT at 284, 
1160, 1410 and 1600 mm from the bottom of the 
fuel rod. The reactance and resistance components 
of defect signals at 1610 and 1600 mm are 
saturated respectively, while those of defect signal 
at 284 mm are small. The Fig.5-7 show 
impedance planes of these defect signals at 1160, 
1410 and 1600 mm. The defect signal at 1160 mm 
is predicted as the through-hole and those at 1410 
and 1600 mm as hydrides respectively.  
 

 
Figure 5. Impedance plane on 1160mm from  
fuel rod D103-K2 bottom end. 

 

 
Figure 6. Impedance plane on 1410mm from 
fuel rod  D103-K2 bottom end. 

 

Figure 7. Impedance plane on 1600mm from  
fuel rod D103-K2 bottom end. 

 
 Thus, defect signals on the cladding of fuel rods 
were detected  and  the phase angle of the 
impedance are analyzed. The defect shapes, 
defect sizes and defect locations on fuel rods are 
acquired from the impedance planes. It is 
confirmed that the method of the ECT using the 
differential encircling coil enables to evaluate the 
integrity of irradiated fuel rods by comparing the 
results of ECT with those of visual inspection.  
 

4. Conclusion 
 

1. The defect signals of ECT on fuel rods, which 
are irradiated at Young Kwang 4 reactor, are 
detected at optimal frequency 200kHz and the 
defect shapes are predicted and  are confirmed by 
comparing the results of ECT with those of visual 
inspection.  
2. The defect shapes, defect sizes and defect 
locations on irradiated fuel rods, using the 
differential encircling coil probe are acquired.  
3. It is confirmed that the method of the ECT 
enables to evaluate the integrity of irradiated fuel 
rods in real time.  
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