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ABSTRACT 

An ultrasonic method has been developped to test of the S.G's tubes of SPX fast 
breeder reactor. A new type of rotating probes for cracks and wall thickness 
measurements have been builded up and successfully tested. The data acquisition and 
processing system SPARTACUS was used; it allows high frequency digitalization and 
powerfuil signal processings using frequency representations. The actual performances 
were tested on natural defects under representative operating conditions. 

INTRODUCTION 

The detection, localization and sizing of defects in S.G's tubes at SPX is an important 
task not only after a water/Sodium reaction, but also in the case of periodic inspections 
during shut downs of the plant. Two types of defects are considered : (1) : wall 
thinnings more than 100/Um high, starting from the outside surface , (2) circumferential 
or longitudinal cracks more than 250/i.m high, starting from the inner surface, in 
particularly those near the welds. Despite strong geometrical restraints of the tubing, 
an eddy current method has already been developped [1], but it is functionning at 
160°C and has some limitations , especially concerning the detection and sizing of small 
cracks in the welds. It was decided to look for an ultrasonic method, and this paper 
describes the technical solutions that could be adopted for introduction and propulsion 
of the probes, and the UT method itself. 

DEVELOPPEMENT OF A NEW ROTATING UT PROBE 

The SPX S.G's tubes are characterized by the following parameters : hélicoïdal tubing, 
small radius curves down to 125 mm, long tubes up to 100 m, presence of 7 welds along 
the tubes. The experience gained in the eddy current inspection of these tubes suggests 
that it is necessary to have a very flexible and robust probe. The performances 
requirements, related especially for the detection and sizing of small defects require a 
sharp and highly sensitive UT beam. For all these reasons, we choose a classical design 



with a rotating mirror. Special attention was paid to the mechanical alignment of the 
beam and the absence of dead zones during the rotation. These considerations led to a 
new design (covered by a patent), for which a rough sketch is given in figure 1. 

ROTATING CONTACT 

Figure 1. Rough sketch of the flexible and rotating UT probe. 

The probes are made of a set of articulated modules. The rotation is transmitted 
through micro-universal joints. The electric motor includes a reduction unit and an 
optic encoder with a resolution of more than 1 point by degree. The speed of rotation is 
electronicaly regulated from 6 to 600 rpm. To balance the attenuation due to the 100 m 
coaxial cable, an electronic module is included near the probes. In order to know 
precisely the axial position of the probe, an integrated eddy current coil detects the 
welds and other discontinuities near the tubes. All the modules are contained in a 
water-tight and flexible sheath. 

INTRODUCTION AND PROPULSION OF THE PROBES 

The experience gained thanks to the the E.C inspection was very also valuable, and the 
same principles were maintained. The only difference is the choice of water instead of 
air for the propulsion and coupling medium. The cable provides the functions of 
mecanical resistance through a Kevlar(R) fiber, and electrical connections for the 
motor and UT transducers. A set of balls moulded on the cable and regularly spaced 
allow the self-centering and the reduction of friction against the walls. A control unit 
drives all the operations and performs an automatic cycling. The water, which is used as 
propulsion and coupling medium, is submited to a complete treatment in order to 
preserve its qualities of purity, homogeneity in temperature and chemical composition. 
The entire system has been succesfully tested in a mock-up at scale 1 of 1 tube. The 
hydraulic parameters for the propulsion (pressures and flows) have been determined 
and allow a speed regulation between 0.1 and over than 200 mm/s all along the tube. 

THE ULTRASONIC METHOD 

Preliminary study 
A first set of samples containing notches and FBH has allowed the determination of 
the acoustical parameters (frequency, angle, etc). It was proved also that adverse 
factors as the presence of non-levelled welds, mechanical perturbations due to tubes 
bending or temperature up to 60°C do not prevent the detection of defects. 
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Wall thinnings measurements 
The challenge is to obtain very accurate data while keeping a really automatized! 
method for defects which can have very dispersive profiles for the UT waves : the 
natural 'wastage' defect obtained after a water/sodium reaction at the figure 2 is easily 
detected and sized with a L0° probe at 15 MHZ. Its height is 16% of the wall thickness 
(about 410/^m) : despite a bad signal to noise ratio, it is possible to make an on-line 
thickness measurement thanks to the resonnance spectrum which is a much more 
robust method than the time of flight. 
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Figure 2. Automatic thickness measurements on a 410^m deep defect 
(84% remaining thickness) 

Cracks detection and sizing 
A combination of shear and Rayleigh waves can be used. The detection limit is better 
than 250/un in height (verification on a natural defect). For the sizing, it is necessary to 
have results independent from the shape of defects and the echo amplitude. For these 
reasons, amplitude dependent methods, as -6dB method or simple corner effect have to 
be brushed aside. 

Attractive results have been obtained through the modelling of the UT behaviour 
for such defects and the use of powerfull processings in the frequency domain (time-
frequency representation, split spectrum) or in image processing. Performances in 
detection and sizing have been established on natural and artificial defects. 

Acquisition and processing system 
The first studies on artificial and natural defects had shown that the method can 
achieve the detection levels requirements. Nevertheless, they had also proved that the 
control automatization can not be secured on a reliable way by classical systems of 
detection based on acquisition of amplitude and time in a gate over a fixed threshold. 

Therefore the SPARTACUS system [3] is very well adapted for this task; it includes 
the following characteristics : (i) digitalization of all the RF data on 8 bits at a sampling 
rate of 5nS and a repetition frequency of several kHZ, (ii) on line data processing and 
imaging, (iii) on line FFT card for time-frequency representations and filtering-
convolutions operations, (iiii) conviviality, ergonomics and high speed of execution. An 
example of data processing for the sizing of crack is given at figure 3. 

J 
/\/v 

If 
A 

«1 'IHV 
1 

3 



< — X (mm) 

Corrected BSCAN with RF data Binarized BSCAN after 
a 2D correlation processing 

(Ï) corner effect on emerging part of notch (2) tip diffraction echo 
(3) 'corner effect' after 1/2 skip (4) corner effect after a full skip 

Figure 3. Automatic sizing using image processing on a 40% W.T EDM notch 
inspected with a SW 45° 15MHZ transducer 

CONCLUSIONS 

The severe conditions of inspection and the high requirements for the NDE method 
have required extensive developments. An entire new system of UT inspection in tubes 
is now available. It is characterized by high performances in cracks sizing and a full 
automatization of the data processing. It is particularly adapted to bended or long tubes 
in the nuclear industry or elsewhere. 
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