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Introduction and state of the art

The concept of sodium-cooled fast reactor (SFR) is being studied in France for the 4th generation of nuclear power plants [START_REF] Gauche | Generation IV Approach -the Development of Sodium Fast Reactors[END_REF]. The improvement of in-service inspection and repair (ISI&R) is a major issue in the case of nuclear power plants. Ultrasonic solutions are particularly adapted to this harsh environment, and are therefore being studied for the inspection of the main vessel and its internal components. In this context, different methods to perform ultrasonic NDT and NDE are being investigated by CEA and its partners [START_REF] Baque | Development of Tools, Instrumentation and Codes for Improving Periodic Examination and Repair of SFRs[END_REF].

Localisation and positioning of an object by using ultrasounds require an appropriate relative orientation between the object and the ultrasonic beam. In pulse-echo mode, sufficient specular energy has to travel back towards the transducer to be analysed and interpreted. This condition may fail to occur for example in the case of a misaligned or nonplanar object. A solution studied here consists in using of a specific target part attached to the object, this target being designed to reflect well towards the emitter. The Corner-Cube Retroreflector (CCR), also named retroreflector, corner reflector or trihedral rectangular reflector in the literature, is an efficient target found to reflect incoming waves back to the emitter even when these incoming waves do not strike it perpendicularly (over a certain angular range, about ±30°). Retroreflectors are common in everyday life, in the field of optics [START_REF] Wang | Calculation of the light intensity distribution reflected by a planar corner-cube retroreflector array with the size of centimeter and above[END_REF][START_REF] Huang | Reflected beam's direction deviation induced by the corner cube retroreflector[END_REF] (for example as security reflectors on bikes), or for advanced technological applications, such as satellite and lunar laser ranging systems [START_REF] Weng | Research on far-field diffraction of cube-corner retroreflector in the satellite laser ranging system[END_REF][START_REF] Whipple | Dynamics of the Earth-Moon system[END_REF], or else with radar waves for geophysical observations and monitoring [START_REF] Garthwaite | The Design of Radar Corner Reflectors for the Australian Geophysical Observing System: a single design suitable for InSAR deformation monitoring and SAR calibration at multiple microwave frequency bands[END_REF][START_REF] Shan | Analysis of artificial corner reflector's radar cross section: a physical optics perspective[END_REF][START_REF] Qin | The Design and Experiments on Corner Reflectors for Urban Ground Deformation Monitoring in Hong Kong[END_REF][START_REF] Li | The selection of artificial corner reflectors based on RCS analysis[END_REF][START_REF] Knott | Radar Cross Section[END_REF].

In the field of ultrasound, CCR targets remain rather unknown despite their obvious efficiency. A few authors [START_REF] Devadder | New Reflector for Experimental Characterization of Ultrasonic Transducers[END_REF][START_REF] Locqueteau | Etude des cibles triplanes utilisées en télémétrie ultrasonore[END_REF][START_REF] Stephanis | Trihedral rectangular ultrasonic reflector for distance measurements[END_REF][START_REF] Narayanan | An absolute method for determination of misalignment of an immersion ultrasonic transducer[END_REF][START_REF] Gipson | Backscattering enhancements due to retroreflection of ultrasonic leaky Rayleigh waves at corners of solid elastic cubes in water[END_REF][START_REF] Dodd | Retroreflective backscattering of sound in water due to Lamb waves on plates with corners: Observations[END_REF][START_REF] Marston | Retroflective backscattering of sound in water due to leaky waves on facets, plates, and corner truncations: Approximate theory[END_REF] propose various ultrasonic reflectors (conical, linear, trihedral etc.) for very specific applications, such as transducer characterisation or determination of misalignment of a transducer. For telemetry applications, CCR seems the best candidate because not only does it send back a lot of energy even if misaligned but also it provides an easy-to-detect spatial reference. However, no extensive study was really performed on the acoustical properties of a CCR alone or behind screens.

A CCR acts as a planar reflector (waves are reflected parallel to the incidence direction) even off "normal incidence", and the reflection can be total under certain conditions.

The reflected amplitude level depends on the angular incidence, on the alignment of the transducer with the CCR inner vertex and on the two media (CCR material and surrounding liquid). It is more or less equivalent to a corner effect, but in 3D. The main developments (theoretical and experimental) are performed here in water, but the ultimate objective is telemetry applications in liquid sodium. Thus to try to get closer to this case, a CCR made of copper is also studied. This paper aims at reviewing and enhancing knowledge of the acoustical properties of a CCR, from a theoretical and experimental point of view, in the general framework of ultrasonic telemetry on an object which may have moved out of position and potentially hidden by one (or several) immersed plate(s). In this case the target is fixed on the object of interest.

Section 2 presents the theoretical background and results. Then experimentations in various configurations are detailed and analysed in section 3. Finally, in section 4 we study the influence of different acoustic properties of the CCR material and the surrounding fluid.

Theoretical background and modelling

A CCR consists of three mutually orthogonal planes (isosceles right triangular faces) joining the inner vertex as schematized in Figure 1a. In the following, the "incidence angle" on the CCR designates the incidence relative to the reference plane (X2X3) which is the cutting plane of the cube the CCR is virtually obtained from. An incident ray, nonaligned with the vertex, will reflect successively on the three faces (with a different local incidence on each face) and will result in a final reflected ray parallel to the initial incident one. Figure 1b shows examples of incident rays and their successive reflections with respect to Snell's law. Note that there are ineffective (shadow) areas of the CCR that reflect an incident ray only partially (one or two reflections instead of three). For normal incidence, such areas are the three triangles sizing a third of the CCR side located at the three endpoints of the CCR [START_REF] Garthwaite | The Design of Radar Corner Reflectors for the Australian Geophysical Observing System: a single design suitable for InSAR deformation monitoring and SAR calibration at multiple microwave frequency bands[END_REF][START_REF] Knott | Radar Cross Section[END_REF].

If we consider now the contour of the incident beam (modelled by a set of rays cylindrically arranged), it can be easily known whether the reflected beam will merge with the incident beam or not. As shown by the examples in Figure 2, whatever the incidence angle, if the reflected beam exists (in terms of amplitude, see below), it will merge with the incident beam only if the latter is aligned with the inner vertex of the CCR. Otherwise the reflected beam is shifted from the initial incident beam location, the angle of propagation remaining the same. The overall reflected amplitude depends on the successive local reflections on the CCR faces. If we consider an incident direction noted (normalized vector) in the coordinate system (X1X2X3), it becomes in the coordinate system ( 1 2 3):

where

√3 3 ⁄ -√2 2 ⁄ -√6 6 ⁄ √3 3 ⁄ √2 2 ⁄ -√6 6 ⁄ √3 3 ⁄ 0 √6 3 ⁄
is the transformation matrix between the two coordinate systems.

The local incidence angles on each face are thus given by:

- . " 0 0 1 $% & - . " 0 1 0 $% & - . " 1 0 0 $% At normal incidence for example (i.e.
-' ), the three local incidence angles are equal, and their value is about 54.7°. The theoretical reflection coefficient [START_REF] Royer | Ondes Elastiques Dans Les Solides -Tome1 Propagation libre et guidée[END_REF][START_REF] Pialucha | An Investigation of the Accuracy of Oblique-Incidence Ultrasonic Reflection Coefficient Measurements[END_REF] in the case of water as surrounding liquid and stainless steel as CCR metal is displayed in Figure 3. The two critical angles are 14.9° for the disappearance of longitudinal waves and 28.2° for the disappearance of transversal waves, and conversion into Rayleigh wave occurs at 30.7°. It can therefore be concluded that local reflection on one face is total at 54.7° incidence and thus global reflection at "normal incidence" on the CCR is total. Therefore, in water, at normal incidence, a steel CCR is more efficient as a reflector than a steel plate, provided that the CCR is larger than the beam. -For incidence angles about the X3-axis from -36° to +36° (incidence in X1X2 plane), the global reflection is always total, except in the cases of Rayleigh wave generation at -31.1° and +31.1°. For incidence angles between 36° and 40°, some energy is transferred into the metal thanks to its conversion into transversal waves. The global reflection will thus be weaker.

-For incidence angles about the X2-axis from -40° to +26.7° (incidence in X1X3 plane), the global reflection is always total, except in the cases of Rayleigh wave generation at +24°. Beyond 26.8° a part of the incident energy is converted into transversal waves in the steel. These phenomena are taken into account in our model using the CIVA expertise platform [START_REF] Calmon | CIVA: An expertise platform for simulation and processing NDT data[END_REF]. The CCR is imported from CAD software. A rotational scan in echo mode, centred on the inner CCR vertex, is computed (Figure 5.a), and the maximum reflected amplitude is plotted as a function of the incidence angle (Figure 5.b). The maximum reflected amplitude occurs at 0°, and it decreases slowly to reach a minimum at 36°.

In our case of computation of echoes from an immersed target, the CIVA model is invalid in the near vicinity of the longitudinal, transversal and Rayleigh critical angles.

Indeed this model based on the Kirchhoff approximation [START_REF] Darmon | Modelling of scattering of ultrasounds by flaws for NDT[END_REF][START_REF] Darmon | Main Features of a Complete Ultrasonic Measurement Model: Formal Aspects of Modeling of Both Transducers Radiation and Ultrasonic Flaws Responses[END_REF] does not take into account head waves or Rayleigh waves and uses the plane wave reflection coefficient which is discontinuous in terms of magnitude or phase at these critical angles.

Nevertheless, to simulate the response of flaws inside a solid specimen, CIVA mimics some head waves using its semi-analytical PTD (Physical Theory of Diffraction) model [START_REF] Darmon | A system model for ultrasonic NDT based on the Physical Theory of Diffraction (PTD)[END_REF][START_REF] Fradkin | A semi-numerical model for near-critical angle scattering[END_REF] and head/Rayleigh waves are henceforth correctly modelled in the CIVA hybrid ECHO model [START_REF] Imperiale | UT Simulation Using a Fully Automated 3D Hybrid Model: Application to Planar Backwall Breaking Defects Inspection[END_REF] using the Finite Elements method for flaw modelling.

The CIVA result presented below will be confronted with experimentation in the next section. 

Experimentations for various configurations

Experimental measurements are performed in immersion, in water at room temperature as a first step. The 43mm side stainless steel CCR is fixed on a plate (see Figure 6). The ultrasonic emitter-receiver is a flat transducer, 1"-diameter, broadband, centred at 2.25MHz. It is first set so as to be aligned with the inner vertex of the CCR at 0° incidence, at about 200mm from the cutting plane (X2X3) of the CCR. The maximum reflected amplitude value is then saved and plotted as a function of the incidence angle in Figure 7 along with CIVA results. The agreement between simulation and experimentation is quite good (except at the Rayleigh angle, as previously explained). This will allow the use of CIVA in more complex cases as will be seen in section 4.

Ultrasonic field reflected by a CCR alone

Cscan type acquisitions (2D scanning) are performed over the area of the target, parallel to (X2X3), in order to analyse how it reflects the beam. Results at 0° incidence 

Ultrasonic response of a CCR behind a plate

The purpose of this study is to perform telemetry on an object equipped with a CCR and located behind a plate. This 7.8 mm thick 316L stainless steel plate is positioned parallel to the scanning plane (X2X3).

At normal incidence, each time the beam passes through the plate, it loses about 90% of its energy in reflection. However, the CCR is still well identified, as shown in Figure 10, provided that its echoes do not overlap other echoes, such as those resulting from the multiple round trips between the transducer and the plate hiding the target. Signal-to-noise ratios (SNR) were estimated on the acquired maximal signal in each case (at normal and oblique incidence, alone and behind one and two screens), and orders of magnitude are indicated in Table 1. The similar experiments conducted with two screens (parallel plates) behind the target show that the target is not visible at normal incidence but clearly identifiable at oblique incidence (see Figure 12b). All these results clearly highlight how improved the back echo amplitude is when a CCR is adding on the object of interest for detection purposes and telemetry applications. The case of a stainless steel CCR immersed in water is well adapted for detection and telemetry operations in 2 nd and 3 rd generation nuclear power plants, but not for the 4 th generation reactors, in which liquid sodium is used as coolant [START_REF] Baqué | Development of Tools, Instrumentation and Codes for Improving Periodic Examination and Repair of SFRs[END_REF]. Ultrasound propagates faster in liquid sodium than in water (2470 m.s -1 in sodium at 200°C [START_REF] Sobolev | Database of thermophysical properties of liquid metal coolants for GEN-IV[END_REF]), and this shifts all the critical angles up: the first and second critical angles are now 25.5° and 51.7°, and the Rayleigh angle is now 58°, instead of 14.9°, 28.2° and 31.5°.

This means that the angular range with total reflection on the CCR is null because no incidence angle allows total reflection locally on all the three faces (cf. 

Conclusion

The Corner Cube Retroreflector is studied in the framework of ultrasonic telemetry. Its ability to fully reverse an incoming wave in the same direction after three reflections is key to performing telemetry operations (i.e. position measurement) at non-normal incidence (within the angular range of ±30°) on an immersed object. To demonstrate the feasibility of telemetry in various configurations, theoretical developments, modelling and experimentations have been made. It appears possible to locate the steel CCR even behind one and two plates immersed in water, because the amplitude of the back echo is clearly sufficient: SNR equals about 100 for CCR alone, about 50 for CCR behind a plate, and about 3 for CCR behind two plates. When the CCR is behind screens, the oblique incidence is chosen to maximize the energy transmitted through the screens.

We have also underlined the relevance of considering the acoustic properties of each medium (CCR material and surrounding fluid). They affect the local coefficients of reflection on the CCR faces and thus the global reflection of the target.

Future work will deal with the ability to measure not only the position but also the tilt of a new compact target. 
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