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Abstract 

Indian pressurized heavy water reactor (PHWR) consists of a large tank called calandria, which is penetrated by 

several hundred horizontally mounted coolant channels. In 540MWe Indian PHWR there are 392 coolant 

channels in reactor. The main in-core components of coolant channel are a pressure tube (PT), a calandria tube 

(CT) and four tight-fit garter springs for maintaining uniform annular gap between PT and CT. Fuel bundles are 

placed inside the pressure tube and all the in-core components of reactor are made of zircalloy material. During 

reactor operation, defects may develop on the inner surface of pressure tube due to fuel bundle movement and 

various other factors. These defects need to be periodically examined. The main challenge in detection of defects 

in zircalloy material using Eddy Current Technique (ECT) is that the phase difference between eddy current 

defect signal and liftoff signal is very less; imposing difficulty in practical usage of ECT technique. The paper 

discusses eddy current based technique for detection of defects on inner surface of pressure tube of 540MWe 

Indian PHWR. 

Notches of different depths oriented in axial and circumferential direction were machined in inner surface of 

pressure tube piece to simulate the surface defects. Spring loaded eddy current probe having good phase 

difference between liftoff signal and defect signal is used to pickup defects. Eddy current response signals 

obtained by picking up different reference defects are discussed in paper. The technique is used as a 

supplementary technique to cross verify the results of most widely used ultrasonic technique for better 

understanding of inspection data in Indian PHWRs. 
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1.    Introduction 

An Indian pressurized heavy water reactor (PHWRs) [1] consists of a large tank called 

calandria, which is penetrated by several hundred horizontally mounted coolant channels. In 

540MWe Indian PHWR there are 392 coolant channels in reactor. The main in-core 

components of coolant channel are a pressure tube (PT), a calandria tube (CT) and four tight- 

fit garter springs for maintaining uniform annular gap between PT and CT. Fuel bundles are 

placed inside the pressure tube and all the in-core components of reactor are made of zircalloy 

material for neutron economy.  

During reactor operation, surface flaws may develop on the inner surface of pressure tube due 

to many factors. During fuelling operation, fuel bundles are pushed inside pressure tube, the 

presence of any foreign particle in the coolant may result in development of scratch marks in 

it. Due to diametrical creep in pressure tube, the clearance between fuel bundle and inner 

surface of tube increases. The flow of coolant in pressure tube induces vibration in fuel 

bundles which may result in fuel bundle pad marks. Manufacturing surface defects within 

permissible limits may increase in dimensions due to delayed hydride cracking phenomena. 

All the flaws in pressure tube need to be periodically examined. The paper describes eddy 

current based technique for detection of defects on inner surface of pressure tube of 540MWe 
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Indian PHWR. The main challenge in detection of defects in zircalloy material using Eddy 

Current Technique (ECT) is that the phase difference between eddy current defect signal and 

liftoff signal is very less thus imposing difficulty in separation of defect signal from liftoff 

signal.  

 

2.    Experimental Setup 

The experimental setup comprises of eddy current probe, reference defect standard of 

zircalloy material, standard eddy current instrument and other accessories. The spring loaded 

eddy current probe having good phase difference between liftoff signal and defect signal is 

used for picking up defect signal. This probe is fitted in the inspection module of the BARC 

Inspection System (BARCIS) [2].  The spring loaded system ensures that probe remains in 

contact with pressure tube surface during scanning and minimize the effect of liftoff.  

In order to simulate surface defects on inner surface of pressure tube, two reference defect 

standards containing different orientation notches and circumferential grooves were fabricated 

using Zr-2.5%Nb pressure tube piece of 540MWe Reactor. Specially designed tool head was 

employed for fabrication of notches and grooves. The reference standard-1 has a through hole 

and axial & circumferentially oriented notches. Smallest size notch is having depth of 100 

microns while maximum size notch is having depth of 430 microns (10% of wall thickness of 

PT). The reference standard-2 is having circumferential grooves of different depths to 

simulate the large size defects. Typical dimensions of notches, through hole and 

circumferential grooves made in reference defect standards are given in table 1 

Table: 1 

 

Sr No. Flaw Description Flaw Orientation Flaw Depth 

 Reference Flaw standard 1 

1. Notch 1 (ID Flaw) Axial 100micron 

2. Notch 2 (ID Flaw) Circumferential 100micron 

3. Notch 3 (ID Flaw) Axial 430micron 

4. Notch 4 (ID Flaw) Circumferential 430micron 

5. Notch 5 (OD Flaw) Axial 430micron 

6. Notch 6 ( OD Flaw) Circumferential 430micron 

7. Through Hole Through Hole φ 1.5mm  

 Reference Flaw standard 2 

8. Groove 1(ID) Circumferential 1000 micron 

9. Groove 2 (ID) Circumferential 1500 micron 

 

Eddy current instrument was used for picking up defect signal. Testing was carried out at 

frequency of 300 kHz and drive voltage of 5V. Since the technique has to be implemented in 

actual reactor, where the physical distance between eddy current probe and instrument will be 

nearly 100 meters, so the experiments were carried out using 100m long cable to simulate the 

actual reactor conditions.   

 

 



3.    Results and Discussion 

The probe was excited and response signal was acquired using eddy current instrument. 

Different channels of instrument were configured to show results in both strip chart and 

lissajous figure.  

The 430 micron and 100 micron deep circumferential notches in the reference standard-1 

were axially scanned using eddy current probe. The typical eddy current response signals 

obtained are shown in figure 1. It can be seen that the signal amplitude decreases with the 

decrease in the depth of the defect. Phase difference of signal remains almost constant 

because both the defects are surface opening defects.  

                                                            

 

 

 
 

 

                 

Figure 1 : ECT signals from 430 micron and 100 micron deep circumferential notches picked 

up in axial scanning (Signal amplitude for 430micron : 3.11V, 100micron: 0.22V)                                  

 

Using the same eddy current probe, the 1.5mm diameter through hole in the reference 

standard-1 was scanned. The typical eddy current response signal is shown in figure 2.  

 

 

 

 

 

 

 
 

Figure 2 : ECT signals from 1.5mm diameter through hole (Signal amplitude: 2.93V)                                

 

 



During the experiments, the 430 micron deep axial notch was scanned axially. The typical 

eddy current response signal is shown in the figure 3. It was observed that the shape of the 

signal is different from the signal obtained from the similar notch when it was scanned 

circumferentially. This feature helps in distinguishing the orientation of flaw during actual 

scanning of pressure tube. The signal amplitude from axial flaw in axial scanning is slightly 

less than signal obtained from same flaw during circumferential scanning because in that case 

defect is perpendicular to direction of scanning and hence maximum flux cuts the defect. 

 

 

 

 

 

 

 

 

   

 Figure 3 : ECT signals from 430 micron deep axial notch picked up in axial scanning   

(Signal amplitude: 2.16V)                                                                                   

 

In order to simulate the large size defects, the reference standard-2 having large depth 

circumferential grooves was fabricated. The 1000 micron and 1500 micron deep 

circumferential groves were axially scanned using the same eddy current probe.   The typical 

eddy current response signals are shown below.  

 

 

 

 

 

 

Figure 4 : ECT signals from 1000 micron deep circumferential groove picked up in axial     

scanning (Signal amplitude: 8.79V)                                                             

 

 



 
 

 

Figure 5 : ECT signals from 1500 micron deep circumferential groove picked up in axial               

scanning  (Signal amplitude: 10.97V)                                                                                                                         

 

 

It can be seen that the amplitude of eddy current response signal varies with variation in size 

of defect; however the phase of signal does not vary much because all the defects are surface 

opening inner diameter defects. The probe is able to detect defects of varying sizes from 

100micron to 1500micron depth. 

 

 

4.   Conclusion: 
 

Eddy current technique for detection of surface flaws on inner surface of pressure tube of 

540MWe Indian PHWRs was developed. The technique is able to detect wide range of 

surface defects from 100micron to 1500micron deep. The technique was integrated in BARC 

Channel Inspection System (BARCIS) and used for detection of surface flaws in unit 4 of 

Tarapur Atomic Power Station.   
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