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ABSTRACT 

 
Tubes of AISI 304 stainless steel as well as tubes of Aluminum 1100-F are used as cladding of the fuel elements 

of TRIGA MARK 1 nuclear research reactor. Usually, these tubes are periodically inspected by means of visual 

test and sipping test. The visual test allows the detection of changes occurred at the external fuel elements 

surface, such as those promoted by corrosion processes. However, this test method cannot be used for detection 

of internal discontinuities at the tube walls. Sipping test allows the detection of fuel elements in which the 

cladding has failed, but it is not able to determine the place where the discontinuity is located. In turn, eddy 

current testing, an electromagnetic nondestructive test method, allows the detection of discontinuities and 

monitoring their growth. In this paper, a study about the use of eddy current testing for detection and 

characterization of discontinuities in the fuel elements cladding is proposed. The study involves the 

development of probes able to operate in underwater inspections, the design and manufacture of reference 

standards and the development of a test methodology to perform the evaluations.  

 

 

1. INTRODUCTION 

 

Tubes of AISI 304 stainless steel as well as tubes of Aluminum 1100-F are used as cladding 

of the fuel elements of TRIGA MARK 1 nuclear research reactor. Usually, these tubes are 

periodically inspected by means of nondestructive testing methods, such as visual test and 

sipping test. 

 

The visual test allows the detection of changes occurred at the external fuel elements surface, 

such as those promoted by corrosion processes. The occurrence of regions with different 

tonalities along the fuel surface can indicate the presence of a corrosion process. Besides, 

regions with marks of kneading due to fall of fuel during its manipulation can be observed 

too. Sipping test allows the detection of fuel elements in which the cladding has failed, but it 

is not able to determine the place where the discontinuity is located. Therefore, the 

information about the integrity of the fuel elements, obtained from these NDT methods, is 

limited. These test methods are used in TRIGA reactors worldwide [1 to 4]. 

 

Other nondestructive testing methods, such as ultrasound and eddy current testing, can be 

used to obtain more quantitative information about discontinuities in materials [5]. Eddy 

current test method, an electromagnetic testing method, allows the detection and 

characterization of structural discontinuities in electrical conductive materials. Information 

such as the presence and position of a discontinuity, as well as the reduction in the material 

thickness promoted by a corrosion process or other damage mechanism can be obtained.  
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A fuel element manufactured from AISI 304 stainless steel can be observed in Fig. 1. The 

dimensions of cladding are 0.51 mm thickness and 37.6 mm external diameter.   
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Figure 1: Fuel element of TRIGA IPR-R1 research reactor with stainless steel cladding. 

 

 

In order to improve the monitoring degradation of TRIGA IPR-R1 fuel elements, a study 

about the use of eddy current test for this purpose was started at the CDTN Nondestructive 

Testing Laboratory. The main activities planned in the study are: the development of absolute 

and differential probes to work submerged at the reactor pool, the design and manufacturing 

of reference standards containing different types of artificial discontinuities and the design of 

a mechanical device to support the fuel element and conduct the test probe during the test. In 

this paper are presented the results obtained for fuel elements of AISI 304 cladding using 

differential probes as well as the reference standards used in the study.   
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2. METHODOLOGY 

 

2.1. Material 

 

The reference standards used in the experiments with differential probes were manufactured 

from samples of AISI 304 stainless steel tubes with dimensions of 37.6 mm external 

diameter, 100 mm length and 0.51 mm of wall thickness. A total of four reference standards 

were manufactured, identified as PF1, PF2, PF3 and PF4, respectively. Discontinuities in the 

form of flat bottom holes and through wall holes, with diameters of 1.00 mm and 0.50 mm 

were machined. In the first reference standard (PF1) three discontinuities with 1.00 mm 

diameter were machined: two external discontinuities with depths of 50% and 75% of the 

cladding thickness and a through wall discontinuity. In the second reference standard (PF2) 

three discontinuities with 0.50 mm diameter were machined: two external discontinuities with 

depths of  50% and 75% of the cladding thickness and a through wall discontinuity. In the 

third and fourth reference standards (PF3 and PF4) similar internal discontinuities were 

machined, with diameters of 1.00 mm and 0.50 mm respectively. Reference standards are 

used to compare known discontinuities with discontinuities present in the test specimen [6]. 

The reference standards can be observed in Fig. 2. 

 

 

 
 

Figure 2: Reference standards used in the experiments with differential probes. 

 

2.2. Eddy Current Probes 

 

Probes with different characteristics were designed and manufactured at the CDTN facilities. 

In order to evaluate the test sensitivity for small discontinuities detection, differential 

encircling probes to operate at frequencies of 125 kHz, 320 kHz, 670 kHz, 970 kHz and 1740 

kHz, were designed and manufactured at the CDTN NDT laboratory. The set of probes can be 

seen in Fig. 3.  
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Figure 3: Differential probes used in the experiments. 

 

2.3. Experimental Results 

 

The experiments were carried out using a MAD 8D Eddy Current Test System [7]. The 

reference standards were scanned using the probes developed in this study and the data 

acquired were recorded. The signals referent to the test frequency of 670 kHz, for the 

reference standards PF1 and PF3 (1.00 mm diameter), can be observed in Fig. 4.  These 

signals are referent to the external discontinuities of 50% (a) and 75% (b) of the cladding 

thickness; a thorough wall discontinuity (c) and an internal discontinuity of 75% of the 

cladding thickness (d). The internal discontinuity of 50% was not detected. 
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Figure 4: Eddy current signals of external discontinuities of 50% (a) and 75% (b) of the 

cladding thickness; a through wall discontinuity (c) and an internal discontinuity of 

75% of the cladding thickness (d). 
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The signals referent to reference standards PF2 and PF4 (0.50 mm diameter), can be observed 

in Fig. 5. These signals are referent to the through wall discontinuity (a) and the external 

discontinuities of 75% of the cladding thickness (b). The other discontinuities were not 

detected. 
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Figure 5: Eddy current signals of a through wall discontinuity (a) and an external 

discontinuity of 75% of the cladding thickness (b). 

 

 

3. CONCLUSIONS  

 

 

The partial results obtained from this study have shown the applicability of eddy current 

testing to evaluate the cladding of nuclear fuel elements of TRIGA IPR-R1 research reactor. 

The changes occurred in the eddy current signals phase, referent to the changes which 

occurred in the depth of the discontinuities, have demonstrated the ability of this test method 

to detect and characterize small discontinuities. However, more experiments must be done in 

order to increase the test system sensitivity using differential probes. The next activities of 

this study will be directed to the development of punctual absolute eddy current probes, in 

order to verify the possibility of increasing the test system sensitivity; the final design of the 

probes, modified to allow its operation in underwater inspections; the design of the 

mechanical device to be used in the inspections. 
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