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ABSTRACT 

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

of TRIGA IPR-R1 nuclear research reactor. Usually, these tubes are 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 whose cladding has failed, 

but it is not able to determine the place where the discontinuity is located. On the other hand, eddy current 

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

their growth. In previous works, the application of eddy current testing to evaluate the AISI 304 cladding fuel 

elements of TRIGA IPR-R1 was studied. In this paper, it is proposed an initial study about the use of eddy 

current testing for detection and characterization of discontinuities in the aluminum 1100-F fuel elements 

cladding. The study includes the development of probes and the design and manufacture of reference standards. 

 

 

1. INTRODUCTION 

 

Around the world, there are 216 nuclear research reactors in operation, 34 of which are 

TRIGA, like the IPR-R1 reactor at Nuclear Technology Development Center [1]. IPR-R1 

reactor’s fuel elements are cylindrical and their claddings are made of 1100-F aluminum or 

AISI 304 stainless steel [2]. A fuel element made of 1100-F aluminum can be observed in 

Fig. 1. 
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Figure 1:  Fuel element of TRIGA IPR-R1 research reactor with aluminum cladding. 

The dimensions of cladding are 0,76 mm of thickness and 37,3 mm of external diameter 

[3]. 
 

 

Sipping and visual tests have been used to inspect TRIGA fuel elements [4,5,6,7]. However, 

eddy current testing can be a better option, once it allows the detection and location of 

discontinuities in the fuel cladding, as well as monitoring their evolution with higher 

precision. The eddy current method is based on the principles of electromagnetic induction to 
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examine materials, and its equipment consists basically of an alternating electric source, a 

coil (probe) and a coil impedance meter [8]. If the coil excited by alternating current is placed 

close to a conducting material, the alternating magnetic field produced by the coil (primary 

field) induces electric currents in the material. These induced currents produce a secondary 

magnetic field that opposes the primary field produced by the coil. Thus, the magnetic flux in 

the coil and its electrical impedance are changed. Characteristics of the sample examined, 

such as presence of discontinuities, may affect the formation of eddy currents and change the 

coil impedance differently [8]. 

 

The applicability of eddy current testing to evaluate the AISI 304 fuel elements of TRIGA 

IPR-R1 was studied in previous works with good conclusions [9]. In this paper, an initial 

study about the use of eddy current testing for detection and characterization of punctual loss 

of thickness in the aluminum 1100-F fuel elements is presented. The probes developed, the 

reference standards designed and manufactured and the calibration curves obtained for the 

testing system are shown. 

 

 

2. METHODOLOGY 

 

2.1.  Reference Standards 

 

Reference standards are used in the test system adjustment and they must be similar to the 

material under test. It means that they need to present the same geometric characteristics as 

well as similar electrical conductivity and magnetic permeability. 

 

Reference standards with through wall holes were manufactured from aluminum 1050-F 

tubes with 37,30 mm external diameter and 0,76 mm wall thickness, the same dimensions as 

the fuel element cladding. Aluminum 1100-F tubes are not easily found in the market, thus 

1050-F aluminum was chosen for having a similar electrical conductivity. The holes, 

machined using an electrical discharge machine, simulate through wall punctual 

discontinuities and have 0,30 mm, 0,50 mm, 1,00mm and 1,30 mm diameters, respectively. 

The reference standards manufactured can be observed in Fig. 2. 

 

 

 
 

Figure 2:  The reference standards manufactured. 
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2.2.  Probes 

 

A superficial differential (external reference) probe was designed by using the eddy current 

skin effect equation [10] and the software CalCoils [9]. The excitation frequency of 45 KHz 

was chosen as suitable. The probe manufactured, mounted in the probe holder, can be 

observed in Fig. 3. 

 

 

 
 

Figure 3:  The eddy current probe manufactured. 
 

2.3.  Equipment and Testing 

 

The experiments were carried out using a MAD 8D Eddy Current Test System. The reference 

standards were scanned using the probe developed in this study, as indicated in Fig. 4. The 

signal of each discontinuity was recorded and the reference curve showing the dependence of 

the signal amplitude on the discontinuity dimension was obtained. 

 

 

 
 

Figure 4:  Scheme showing the scanning of the reference standard by the probe. 
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3. RESULTS 

 

The signals for the through wall discontinuities of the reference standards, with the test 

frequency of 45 kHz, can be observed in Fig. 5. The reference curves related to the signal 

amplitude and discontinuities dimensions can be observed in Fig. 6. 

 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure 5:  Eddy current signals of discontinuities with 0,30 mm (a), 0,50 mm (b), 1,00 

mm (c) and 1,30 (d) diameter. 
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Figure 6:  Reference curve related to the signal amplitude and discontinuities 

dimensions. 
 

 

4. DISCUSSION AND CONCLUSIONS 

 

The probe developed allowed the acquisition of the signals referent to the discontinuities 

present in the reference standards. It was possible the establishment of a relationship between 

signal amplitude and discontinuities dimensions. A good signal-to-noise ratio was obtained in 

tests performed, as can be seen in Fig.5. 

 

The amplitude of the signal referent to the 0,30 mm diameter discontinuity indicates a good 

sensitivity obtained with the test parameters used. 

 

In the subsequent activities of this study, reference standards with through wall 

discontinuities with diameters below 0,30 mm will be prepared. Besides, discontinuities with 

different depths will be machined in these reference standards, in order to verify the 

minimum discontinuity size detected by the eddy current test system. 
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