
NDT Modeling tools applied to the aeronautic industry: examples in CIVA 
 

Frederic REVERDY 
1
, Nicolas DOMINGUEZ 

2 

 
1
 CEA-LIST, 18 rue Marius Terce, 31025 Toulouse, France 

Phone: +33 561168875, e-mail: frederic.reverdy@cea.fr 
2
 EADS IW; 18 rue Marius Terce, 31025 Toulouse, France; E-mail: nicolas.dominguez@eads.net 

 
Abstract 

Modern production of structural parts in the aeronautic industry is characterized by mechanically optimized 

structures that can be complicated to inspect due to complex geometries and/or complex materials. Developing 

NDT procedures is thus more challenging and could become costly without tools to help NDT design and 

performance predictions. Simulation is a major asset to help engineers to evaluate existing procedures, define 

new methods, perform analysis of non-trivial NDT data and train operators. CIVA is a software platform that 

offers simulation tools for major NDT techniques: Ultrasound, Guided Waves, Eddy currents, Radiography and 

Computed Tomography. For each technique simulation models are proposed with a special attention to time 

performances to make CIVA compatible with the use in an industrial context. 

In this paper we first present an overview of CIVA capabilities for the different NDT techniques. We then 

illustrate it with the validation of an ultrasonic procedure applied to an aircraft component. The demonstration is 

performed through a CIVA simulation-based POD study (Probability Of Detection), which allows to take into 

account uncertain or varying parameters of the defined procedure in the POD evaluation. 
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1.  Introduction 
 

The CIVA software is an expertise platform dedicated to nondestructive testing [1]. It is 

composed of simulation, imaging and analysis modules, which allow to design and optimize 

inspection methods and predict their performances for realistic NDT configurations. Today, 

CIVA includes Ultrasonic (UT), Guided Waves Testing (GWT), Radiographic (RT), 

Computed Tomography (CT) and Eddy Current techniques (ET). In this paper we illustrate 

some of CIVA’s capabilities applied to aeronautic and space applications. 

 

2.  Inspection of brazed joint of a satellite using ultrasonic phased-array 
 

2.1 Structure to inspect 

 

The component is a supporting toroidal payload structure of a satellite composed of 17 

individual custom-built Silicon Carbide segments. Each of these elliptical segments is 

assembled through a complex brazing process with a paste that seals the joints by capillary 

action. A NDT method was required to check the integrity of each of these segments by 

looking at any lack of brazing material along the joint. Inspection of this structure came with 

some difficulties: access to each joint was relatively limited, only a 12-mm long toroidal 

surface around each segment was available and the material of the structure displayed 

relatively fast ultrasonic velocities (12 000 ms
-1

) leading to big wavelengths. The section of 

one segment is shown in Figure 1. The complete segment can be obtained by drawing an 

elliptical shape in the plane perpendicular to the section. 

 

2.2 Method of inspection 
 

Using CIVA we determined the best parameters (central frequency, number of elements, 

pitch, and wedge height) of a phased-array probe to fit the 12-mm space to inspect the entire 

length of the brazed joint. The probe developed is a 32-element, 20-MHz, 0.25-mm pitch 
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linear phased-array probe. We checked using CIVA that this pitch was small enough to avoid 

the generation of grating lobes; we also measured the beam spot size along the brazing joint. 

The probe was associated to a rexolite wedge with a front surface machined to match the 

toroidal surface of the structure. The height of the wedge was chosen to avoid mixing wedge 

echoes with echoes from the brazing joint. Calculation of these times of flight was done using 

the defect response module available in CIVA [2]. 

 

The principle of the inspection is to position the probe along the toroidal surface and perform 

a sectorial scan along the brazed joint as shown in Figure 1. Delay laws were calculated using 

CIVA (red dots indicate each point of focalisation in the figure). The probe is then manually 

scanned along the elliptical shape of the segment with a mechanical encoder to obtain a Cscan 

of each segment. 

 

Figure 1 : Inspection configuration 

 

2.3 CIVA-Experiment comparison 
 

Samples with calibrated defects were manufactured to check the validity of the NDT method. 

Three small defects were positioned along the brazed joint. Figure 2.a shows the Sscans 

obtained with CIVA and experimentally.  

 

 
(a) 

 
 

(b) 

Figure 2. Experimental and simulated Sscans (a) and experimental Sscan obtained after reflexion (b) 

 

The three defects are clearly visible along the brazing joint. The top defect is detected thanks 

to a specular echo with a strong amplitude. We can see the diffraction echoes at the edges of 

the middle and bottom defects, which allow sizing. We can see that CIVA not only predicts 



correctly the echoes of the various defects but also the backwall echo and the shadowing 

effect caused by the middle defect.  

 

We notice that the sensitivity of detection for the bottom defect is relatively weak. Using 

CIVA we calculated delay laws to focus the energy along the brazed joint after rebound off 

the opposite surface as shown in Figure 2.b. We see that the bottom defect is now detected 

with a specular echo of strong amplitude. We also check that the wedge echo is no mixing 

with the echo coming from the defect. 

 

The method was developed and successfully applied to the inspection of the 17 individual 

segments of the satellite showing a clear application of CIVA to develop an ultrasonic 

phased-array procedure. 

 

3.  Inspection of fastener using Eddy current probe 
 

Eddy Current Testing is widely used in the aeronautic industry to inspect riveted planar multi-

layered structures where small narrow cracks may initiate at the edge of rivet holes and then 

propagate. Simulation tools can be used to design new probes, to understand experimental 

signals or to demonstrate performances. Fast and reliable simulation of narrow cracks is quite 

hard to achieve with classical methods, be based either on Finite Element Method (FEM) or 

on semi-analytical approaches like the Volumetric Integral Method (VIM). A Boundary 

Elements Model (BEM) has been implemented in the CIVA 11 version, which now provides 

better computing performance and accurate results for such configurations. 

 

3.1 Multiple cracks in multi-layered configuration 
 

CIVA integrates a Boundary Element Method (BEM) code [3], which is suitable to the case 

of narrow multiple cracks and multiple layers. It shows excellent performance in terms of 

computational time and very good accuracy for small crack openings. We present here a 

validation of this model; the test case is a planar structure made of three layers. Each one of 

the two metal plates contains a calibrated through-wall slot EDM notch; the plates are 

arranged to form a 45°-angle between the two cracks. Both metal layers are separated by a 

thin sheet of dielectric insulator. More information about the material properties, probe 

settings can be found in the reference [3].  

 

The coil, located above the specimen, is performing a XY-scan over the two defects. To 

compare the numerical results with the experimental ones, a signal extraction is done along 

the direction of crack 1. The complex plane curves as well as the normalized real and 

imaginary parts are presented in the following figures; experimental results are the red circles. 

On this canonical configuration we see a very good correlation between the experimental and 

simulation results. Moreover, the 3600-points map was obtained with a good computation 

time; i.e.; close to 1m30 on Intel-Q9550 @2:83 GHz with 8 GB of RAM computer. 

 

This model allows calculation of the response of multiple thin-cracks, it can be used to 

calculate the response of cracks with more realistic complex profile (rather than a straight 

line) by putting small cracks with different orientations after one another. 



 
 

 

  

Figure 3 : Test case for validation (top), complex impedance plane and normalized imaginary and real 
parts (bottom) 

 

3.1 Inspection of a riveted structure 
 

Recently a new model coupling the BEM and VIM models has been introduced in CIVA. The 

idea is to a have an approach that can deal with configurations that involves narrow crack and 

volumetric objects such as borehole. We saw before that narrow and very narrow cracks are 

difficult to model with FEM and VIM (very large meshes are required) and on the other side 

volumetric flaws cannot be handled with the BEM model.  

 

This new “hybrid surfacic-volumic” model is applied to the case of a borehole inspection as 

seen in Figure 4. The borehole is modelled using the VIM model and the cracks are handled 

by the BEM model. The two plates are 2-mm thick with a conductivity of 17.34 MS/m. The 

result of this model was compared to a simulation made using the VIM model. The results are 

displayed in the following figure; the VIM results are the red circles. One can see that the 

results are really similar but the computation times are in favour of the coupled model. 

Calculations were obtained in 4 minutes for the coupled simulation and 8.5 minutes for the 

complete VIM simulation. 

 



 

  

Figure 4 : Test case for validation (top), complex impedance plane and normalized imaginary and real 
parts (bottom) for the borehole inspection 

 

4.  Computed Tomography reconstruction 

 
4.1 RT simulation 
 

An X-Ray computed tomography (CT) simulation module has recently been integrated into 

the CIVA software to complement the available RT module. To produce a CT result, the 

source and the detector rotate around the specimen. CIVA runs as many RT simulations as the 

defined projections, corresponding to all the source-detector positions.  

 

In order to model realistic inspections including scattered field CIVA combines an analytical 

model and a Monte-Carlo method. The analytical model is used to calculate the images 

created from the direct radiation, while the Monte-Carlo model allows the simulation of the 

scattering effect. A combination of both models is then performed to give a realistic image [4, 

5]. 

 

Figure 5.a shows the CIVA configuration for the CT inspection of engine blade root for which 

the user defines the source, the specimen (here a 3D CAD file of a root blade) the receiver and 

its position around the specimen. Figure 5.b shows the RT result of the simulation for one 

projection. 

 



 
(a)  

(b) 

Figure 5 : Computed tomography configuration (a) and RT result for one projection (b) 

 

4.1 CT reconstruction 
 

CT reconstruction algorithms have been implemented to produce 3D-CT results from the 

obtained set of projections. Two algorithms are proposed, the state-of-the-art FDK and an 

original CEA algorithm (PixTV) based on the compressed sensing theory. With CIVA 11 the 

user can also load experimental data (projections) and apply these two CT-reconstruction 

algorithms. 
 

The FDK (Feldkamp-Davis-Kress) algorithm is a 3D Fourier-based reconstruction method, the 

gold standard in CT when SNR and projections number are large enough. The Pix TV algorithm 

is an iterative reconstruction algorithm, which minimizes the total variation norm. The pros and 

cons of both algorithms are listed in Figure 6.a. Figure 6.b shows the 3D reconstruction of the 

blade root using Pix TV algorithm in the CIVA graphic user interface. 

 

 
(a) 

 
(b) 

Figure 6 : Pros and cons of the reconstruction algorithms (a), CT reconstruction of a blade root (b) 

 

CIVA CT offers a unique platform to optimize CT system accurately, by simulating photons 

interactions, to compare algorithms in the same framework, to estimate the influence of SNR 

in projections or the number of projections. Effects of misalignments or object displacement 

during the acquisition process can also be estimated. 

 

5.  POD study for the inspection of an engine pylon part 
 
The concept of Probability of Detection (POD) is generally used to quantitatively assess 

performances and reliability of testing operations particularly in the aeronautic industry. Such 



probabilistic approaches take into account the uncertainties that appear during inspections that are 

responsible for the output variability. POD curve determination is however based on costly and 

time consuming experimental campaigns. A new trend is to apply simulation in the context of 

probabilistic approaches to determine the POD curve [6]. We present here the example of a 

CIVA-based POD study for an engine pylon part to evaluate and check the detectable defect size.  

 

5.1 Case study 
 

The case study is the inspection of a part inside an engine pylon using an ultrasonic phased-

array procedure. The part to be inspected is a 3D part made of Titanium; fatigue cracks can 

appear along the cylindrical part as indicated in Figure 7.a. When performing the inspection 

the inspector has to put his hand through an armhole to access the part; he thus doesn’t see his 

hand leading to potential errors of positioning.  

 

The linear phased-array probe has to be positioned along the top surface of the component. 

The system is configured to perform a sectorial scan as seen in Figure 7.b. A backwall echo is 

obtained and used to calibrate the system gain and to check the position of the probe along the 

top surface; i.e.; the echo has to arrive within a defined time interval. After calibration the 

operator manually moves the probe along the accessible surface to detect any potential echo 

while looking at the system screen to maintain the backwall echo within the defined time 

interval. 

 

 
(a) 

 
(b) 

Figure 7 : Specimen (a) and electronic scan peformed during the inspection (b) 

 

In order to use simulation to calculate POD curves, it is necessary to check that the simulation 

tools are able to model properly the inspection case. A calibration block with a reference 5x3-

mm EDM notch was provided. Material properties measurements were conducted on the 

calibration block to determine the ultrasonic velocity and attenuation. The central frequency 

and the associated bandwidth of the probe were measured from the reflexion off a side-drill 

hole. These information were used as data input to the model. The following figures show the 

experimental and simulated S-scans for the calibration block. 

 



  

 

Figure 8 : Experimental and simulated Scans (top) and superimposition of the experimental and 
simulated echodynamics (bottom) 

 

One can see that the simulated and experimental S-scans are almost identical. The 

echodynamics are superimposed in the bottom figure; the simulation is in red. The reflexion 

off the backwall is used as reference. We can verify that both the amplitude and the signature 

width of the notch echo are well predicted by the simulation. After verifying that CIVA can 

predict the inspection configuration we can perform a POD study using simulation. 

 

5.2 Determination of the uncertain parameters 

 

The first step consists in identifying the parameters, which are susceptible of being sources of 

variability to the NDT result. Six parameters have been identified as strongly influent on the 

signal amplitude: 

 

• The tilt of the probe ϴp 

• The position of the probe along the axis X 

• The position of the probe along the axis Y 

• The tilt of the defect ϴf 

• The height of the defect H 

• The length of the defect L 

 

These parameters are summarized in Figure 9.a. Once identified, a statistical description of 

each uncertain input parameter must be done in order to feed the NDT computation code. We 

have to choose the characteristic defect feature against which the POD curve will be plotted. In 

our case we choose the crack height. Notice that the length of the crack is linked to the crack 



height and has to be defined as so. We then choose a statistical description for each of the 

remaining parameters. 
 

 
(a) 

 
(b) 

Figure 9 : Uncertain parameters (a) and Gaussian distribution for the crack tilt (b) 

 
Since the nominal values are considered to be the most probable we choose Gaussian 

distributions. The standard deviations are set so that the limit values have less than 5% chance to 

be selected. As an example, the distribution for the defect tilt is shown in Figure 9.b. Some 

parameters have limited range; for example the probe has to be positioned on the top surface 

meaning that limits are introduced in the statistical distributions of the Y positioning. Also the 

backwall echo has to be within a defined time interval, which limits the displacement of the probe 

along the axis X.  

 

Simulated data are then computed following a simple Monte Carlo approach and maximum 

amplitude for each result is extracted in accordance to specific settings. The Monte Carlo 

algorithm randomly generates values for the uncertain input parameters according to the defined 

statistical distributions. For our case, we consider 60 values for the notch height and 5 

inspections for each flaw size; a total of 300 calculations are thus performed. 
 

5.3 Threshold settings and POD curve 
 

After computing the data, noise, saturation and detection thresholds have to be set. The noise 

threshold is measured from the calibration block with the 5x3mm EDM notch. The procedure 

indicates that the operator has to adjust the gain of the system to obtain a 80% screen height 

for the 5x3 mm notch and then add some gain. We thus extracted the amplitude for the 5x3 

mm notch from simulation and adjust it to take into account the gain added in the procedure. 

The obtained value is used to calibrate the 80% value in the POD data; the saturation 

threshold is set at 100% (Full Screen Height). The detection threshold is set at 50% as 

indicated in the procedure. 

 

The POD curve is then calculated based on the Berens maximum likelihood estimation (MIL-

HDBK 1823a). This is done by fitting the data for both a linear-linear and a log-log spaces. 

The most conservative fit is selected and displayed in the figure 10. By fixing the horizontal 

cursor to 90% in the POD curve we can extract the a90/95 value. We can check that this value 

is coherent with the minimum possible damage of 5x3 mm indicated in the procedure (3mm 

has to be compared with 2.96mm found on the POD curve), and then “cross-confirms” the 

validity of the simulated-POD and of the announced procedure performances. This example 

illustrates the possibility of using simulation to determine POD curves at a much lower cost. 

 



 

Figure 10 : CIVA result interface with the threshold definition (top left) and POD curve (bottom) 

 

6.  Conclusion 
 

In this paper we presented the use of CIVA for various aeronautic and space applications for 

several NDT techniques. CIVA was used to define the characteristics of high-frequency 

phased-array probe and the inspection procedure of the supporting toroidal payload structure 

of a satellite. For Eddy Current Testing we have shown the application of new hybrid models 

to the detection of cracks at the edges of rivet holes. The radiographic and computed 

tomographic modules can be used to optimize inspections by minimizing the number of 

projections for example. Finally POD estimation is available to all the NDT techniques 

allowing one to quantitatively assess performances and reliability of its NDT operations. 
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