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Abstract. In nondestructive testing and evaluation, simulation techniques are 
gaining increasing importance. However, in many cases it is difficult to find – out of 
the vast variety of available approaches - the method which is most suitable for the 
respective inspection problem under concern. The Sub-Committee of Experts 
‚Modeling and Imaging‘ is therefore addressing the task to outline the current status 
in UT modeling in a clearly arranged and concise guide. This contribution provides 
information about the structure and the contents of this guide, which 
comprehensibly describes the various techniques and illustrates their application by 
means of reference solutions. 

1. Introduction  

The simulation of non-destructive inspection techniques is increasingly gaining importance 
for practical applications. This refers to specific aspects, such as the optimization of 
sensors, but also to the computational ‘reproduction’ of complete inspection processes. On 
the basis of appropriate physical models, simulation techniques in ultrasonic testing help in 
understanding complex wave phenomena, in optimizing inspection parameters and in 
interpreting experimental results. However, due to the vast variety of methods available it is 
often not easy to make a proper selection on the simulation technique, which might be best 
suitable for a specific problem. Without going into the specific details, Figure 1 
schematically lists the different models used in the NDT communities. Usually, the 
techniques can be categorized as follows: the forward models address the simulation of the 
physical processes inherent to the inspection process, while the inverse techniques aim at 
the visualization and evaluation of the acquired experimental or forward-simulated data. 
The forward models can be grouped into the ray-tracing techniques, the (semi-)analytical 
and the numerical techniques. Currently, the Synthetic Aperture Focusing Technique 
(SAFT) may be considered as the most prominent inverse approach, but direct imaging via 
e.g. A-, B- and C-scans is straightforward and familiar to everyone in UT. 

More info about this article: http://ndt.net/?id=19400
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Fig. 1. Overview – a large variety of forward and inverse simulation techniques.  

2. Why a Practical Guide?  

The Sub-Committee ‚Modeling and Imaging’ within the DGZfP Committee of Experts on 
UT has addressed the task to elaborate a concise documentation of the current status of 
modeling in ultrasonic inspection. In this sub-committee, both model developers and users 
of such simulation techniques pursue this task. Members of universities and research 
institutes as well as representatives of commercial industries are discussing basics, models 
and algorithms with respect to their transfer into practical applications. 

The practical guide is intended to help potential users of simulation techniques in 
selecting the most appropriate methods in dependence of the respective inspection problem. 
There is a vast amount of inverse techniques which can partially be cross-referenced. The 
respective schematic diagram given in [1] clearly shows the difficulty to make a proper 
selection on the relevant technique(s). This also holds for the forward methods where the 
numerical techniques can be considered to be more or less exact, however at the expense of 
usually strong computational requirements such as computation time and memory capacity. 
Most of the (semi-) analytical techniques are computationally efficient as they exploit 
certain approximations, but are as such valid for a more or less limited scope of 
applications. The practical guide thus provides answers to the following questions: How do 
the various techniques perform? Which general conditions have to be obeyed? Who is 
offering modeling solutions in the German NDT community? 

3. Structure and Contents 

The guide is aiming at a comprehensible description of the various techniques and is 
illustrating their fields of application with the help of representative examples, it is 
structured accordingly. In the introduction, the main terms and concepts in view of UT 
simulation are explained; also instructions how to use the guide are given. The chapters on 
forward and inverse techniques describe the principles and calculation procedures of the 
various techniques without going into the mathematical considerations. Several of these 
techniques and current applications can be found in the contributions of members of the 
Sub-Committee in these proceedings [2-11]. 

The guide is complemented by reference solutions which show typical applications 
for the various simulation techniques. Here, the same structure is used for each example: 
• task - description of the specific problem addressed; 
• application area – e.g. sensor optimization, simulation of defect testing, etc.; 
• model – description of the physical basis or technique used; 
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• steps necessary to solve the addressed problem; 
• representative and illustrative results; 
• advantages and limitations of the used technique; 
• possible transfer of the described procedure to address related problems. 

4. Current Status and Future Actions  

The guide is mainly addressing practitioners such as UT inspectors of Level 3. The 
reference solutions are intended to be representative for specific types of UT problems and 
should provide the opportunity to accomplish at least a pre-selection of the simulation 
techniques which are appropriate for the respective application under concern. The 
reference solutions describe UT inspection problems for which the applied simulation 
technique is most suitable. 
 The first edition will surely be incomplete, but the Sub-Committee will take care of 
steadily extending and updating the guide. The German version will be available during the 
course of 2016 and will be presented in the various regional DGZfP study groups. An 
English version will be addressed in due course. 
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