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Simulation platform for NDE

The CIVA software is an expertise platform dedicated to non destructive testing. It is composed of simulation,
imaging and analysis modules, enabling to conceive or to optimize inspection techniques and to predict their
performances in realistic NDT configurations. Currently, CIVA includes Ultrasonic (UT), Radiographic (RT) and
Eddy Current techniques (ET).
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User oriented: CIVA Version 10 has been designed to allow CIVA users to take benefits in the easiest way of the
significant advances integrated in this version.

For example, positioning of a flaw or a probe in a specimen (Parametrical specimen or CAD) is easily made with
the mouse, interactively. In addition, the entire user interface has been redesigned so that CIVA has a single
window that integrates all images, panels and file manager. This new window provides a customizable layout
and adapts to user needs. Imaging allows for real analysis through numerous integrated functions as buttons.

More realistic: CAD is now at the heart of CIVA. Import 3D CAD part (STEP or IGES format) is easy. The
interactive positioning of defects and probes in these pieces makes configuration settings easier. UT interaction

with defects is now possible on homogeneous 3D CAD parts. In addition, the CAD editor for 2D profiles with

planar or circular extrusion proposes new powerful f uncti onal ities (copy and paste
images from calculation results can be exported in the 3D viewby s i mp Iragand Dr o.p 0

Models include new phenomena that allow the simulation to be more realistic. Consideration of creeping waves
in UT, material bridges (defects partially closed) in ET, taking into account the granularity of the film in RT are
just a few examples.

Mention may also be taken into account more realistic morphologies of defects such as branched defects for
UT, combined defects in ET, and volume 3D CAD defects in RT. Finally the UT simulation on "coarse grains"
steel structures is now possible.

More powerful: Compiled on 32 and 64-bit processor, Windows 7, all features have been optimized. Part of the
more expensive simulation calculations in UT and RT (integrating the scattered radiation in RT) benefit from the
parallelization of the code (taking advantage of multi core PC) and with possibilities for rapid recalculation in
case of change of some parameters (exposure time, detector...). The opening of "heavy" files has been
optimized (at least 1 Gb or more)...

Always expert: The effort to facilitate the use of CIVA is unprecedented. However, CIVA remains expertise
software and new functionalities will satisfy the most demanding users.

In the UT module, calculation with more than one skip is now possible. This involves calculation of a great

number of modes taking into accountmode conversions. That 6lstovinysible mddas pr op
and allows the user to select those he wants to calculate. Helped by a suitable Ray tracing, users can better
understand complex phenomena by selecting modes in the list and viewing corresponding paths in the 3D view.

As for ET module, CIVA is ready for most advanced sensors: in addition to new coils, for example rectangular

coils, CIVA provides access to GMI or GMR probes, as well as multi-elements probes.

Finally, CIVA 10 includes the ability to calculate POD curves (Probability Of Detection). Incorporating the
uncertainties of inspection settings as input parameters, CIVA 10 calculates their impact on output signals and
thus derives POD curves with respect to a defined detection threshold.
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UT SIMULATION

UT simulation tools include beam propagation and its interaction with flaws or specimens (Backwall echo, Surface
echo, corner effects and shadowing). They allow to simulate a whole inspection process (pulse echo, tandem or
TOFD) with a wide range of probes, components, and flaws.

PROBES

A wide range of UT probes, standard and advanced designs can be handled:
e Contact, Immersion, dual element probes and Tandem probes
Rectangular or circular emitting surfaces
Focusing shaped emitting surfaces or probes with added acoustic lens
Planar or spherical/bifocal/Fermat focusing surfaces
Dual element probes, even if used on non-symmetrical configurations
Single element or phased-array probes (see Phased Arrays section).
Encircled or Encircling curved arrays for tube inspection
Flexible phased-array probe (in contact with parametric or CAD specimen, linear or matrix pattern).

?\ ]

SPECIMEN

Parametric geometries:
The graphic interface allows to define parametric geometries

Pl anar, cylindrical, conical, spherical
A 3D parametric el bows, nozzles or bores
CAD files:
Computations can be done on components described by CAD files imported in CIVA.
2D CAD files containing a prof il ebyuaandatiog e notatioa of the n

profile:
A 2D CAD files import in DXF or | GES format
AUser-defined profile using a CAD tool inside CIVA (new interface, new functionalities)

A 3D CAD files (| @BrSogemgousSpednen)f or mat )

e — e
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MATERIALS

The component can be homogeneous or constituted of several layers (for example cladded). Each layer may be
isotropic or anisotropic, of arbitrary symmetry and orientation. Materials can also be fiber-reinforced, multi layers or
granular composites. The acoustical characteristics of the materials, including attenuation coefficients, are defined by
the user. Heterogeneous components can be defined using the CAD tool design in CIVA.
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Simulation of structure backscattered noise is possible (randomly distributed point-like scatterers, of arbitrary density
and reflectivity, adjustable for each constitutive material of the component).

Simulations on « coarse grains » structures can be done by creation of volumes with the help of Voronoi diagrams.
Phased array Settings

CIVA allows to easily define various array designs: linear, matrix, circular arrays, and to compute delay laws and
sequences of delay laws for standard and advanced phased-array techniques:

A 1 nd e p efinitibe of €émittthg or receiving elements

A variable aperture at emission or reception, fo

A Electronic scanning, simple or advanced (disti
Annular 1D/Linear Sectorial 2D/Matrix

Immersion Contact TR arrays Flexible Linear curved

Delay laws can be computed for specimens of arbitrary geometry (canonical or complex) and materials
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(homogeneous or heterogeneous materials, isotropic and anisotropic) from the simplest to the most advanced

configuration:

Focusing on one or several arbitrary points

Electronic scanning

Sectorial scanning

Application of dynamic delay laws,

Application of non-uniform amplitude laws (influence of non-homogeneous element responses, beam
apodization)

For the case of complex geometries and heterogeneous materials, delays laws are computed independently for each
probe position along the scanning axis.

s _ 3D display of UT beam .
’_ e S K for matri x probe
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FLAWS

An arbitrary number of flaws may be inserted into the component; these defects can be:
e Calibration defects: spherical pores, side-drilled holes, flat-bottom and hemispherical holes
e Planar defects, of arbitrary size and orientation, rectangular or semi elliptical
e Multifaceted defects and 2D contour CAD defects, Branched defects
e Solid inclusions (cylindrical, spherical or elliptical shapes): flaws constituted of a solid material

= a d

RESULTS

Beam Calculation

A first module allows to simulate the ultrasonic beam in the specimen and if asked in the coupling material.

The beam can be displayed in the specimen as an amplitude color coded image or as an iso-amplitude surface.
Local orientation of the beam and wave fronts can be displayed (and saved as animated files, AVI format).

Defect Response

This module simulates the beam-defect interaction and. predicts the amplitude and the time of flight of various
echoes : direct echo, corner effecté Skip number has no |
surface echoes, takes into account mode conversions and in some cases creeping waves.

For TOFD configuration, direct tip echoes generated by the edge of the defects are simulated as well as lateral wave
and the shadowing effect on the back-wall echo. The list of modes allows to choose which modes to calculate. For
3D CAD specimen, zones of interest are useful to select rebound and geometry interested parts of walls.
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Analysis tools

The software offers a wide range of signal processing n
are more sophisticated (wavelets, Doubl e Bernouilsl3D Ga
grouping of signals, managing of this groups and report export to spreadsheets.

Reconstruction tools are integrated, in particular the synthetic focusing one, called FTP and usable in 3D areas.

This processing allows, from an acquisition file or a phased-array simulation, to reconstruct an image displaying for
each pixel the amplitude obtained by combining signals to have the best focusing on this particular point.

A ray tracer completes these tools (it takes into account mode conversion, reflections, di s pl ays ti me of
tool is connected to the list of modes, and allows to help in understanding different interactions.

Finally, the graphical interface can be customized (this customization can be saved) and some classical tools have
been added : amplitude or distance measurements, image mirroring or rotation, choice of images displayed (BScan,

AScan, CScan, DScan, SScané), their position and si ze,
The different phases of analysis (limitati o n s , signal treatmentsé) are saved a
ibigo files analysis, extracting or | imiting data to i

observationsé).
SIMULATION EXAMPLES
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