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Abstract: Shorter development times and greater product variety are necessary in the current business world. These
challenges can be managed with virtual testing methods, but these require experienced engineers. To counteract the
shortage, a data-driven plausibility detection was developed. The plausibility is determined with Deep Learning models
that are trained on existing simulations. The practical application requires the models to work with simulations not
included in the training data. Therefore, this paper analyzes the transferability of a plausibility detection model to new,
unknown instances.
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1 Introduction

Acrtificial Intelligence (Al) methods are an integral part in our daily lives, for example, when recognizing road signs,
translating text in images with smartphones or answering questions with chatbots. Consequently, the application of such
techniques in industry is considerably increasing, as recent studies from (Dumbach et al., 2023) confirm. In addition to
data availability and method development, transferability between the training and application environment is another
problem for the successful deployment of such new methods and models. A study of different sign recognition systems
from various manufacturers (Ippen and Bach, 2019) revealed that recognition accuracies range between 30 % and 95 %
and therefore deviate widely. This paper seeks to test the transferability of a method to assist users of Finite Element
simulation to reduce the incidence of such problems. The method is a data-driven approach that utilizes existing simulation
data to predict the plausibility of new simulations using Deep Learning. This is intended to primarily support inexperienced
users and enable them to conduct simulations themselves. Consequently, the state of the art on plausibility detection and
testing with unknown data is presented first, followed by the research gap and approach. Afterwards, the adaptation of the
test procedure to FE simulations is presented and then applied. An evaluation and discussion of the results summarizes the
findings in this paper, which finally closes with a conclusion and outlook.

2 State of the art and fundamentals

First the preexisting data-driven plausibility detection method for FE simulations is described, followed by the
fundamental metrics for evaluating trained models and approaches to test their generalization ability for unknown data.

2.1. Plausibility detection

Several tools assisting the setup or evaluation of FE simulations were created in specific application domains, for example,
the SACON system of (Bennett et al., 1978), which helped to develop the wings for a Boeing 747. Another example is the
online support system from (Woyand et al., 2012), which uses a knowledge database to facilitate training in the FE
environment of CATIA. Both of these methods use a knowledge database as the source for assistance, which is very time-
consuming to create and maintain. In contrast, an approach to classify FE simulations according to their plausibility was
developed by (Spruegel et al., 2015; Spruegel et al., 2021), which relies on the utilization of existing FE data. The term
plausibility is defined by (Spruegel et al., 2015) as an FE simulation that contains no obvious errors and can be paraphrased
by the term ‘likely valid’. Therefore, an experienced simulation engineer would recognize these errors, which include
incorrectly assigned units (e.g., bar and MPa), missing bearings or excessively coarse meshing.

The procedure for checking the plausibility of FE simulations is shown in Figure 1. The start of the process is the FE
simulation, whose structure and results are transferred to matrices through a projection method. For this purpose, the mesh
is projected onto a sphere, which is divided into different sections. The values of the projected nodes are collected at these
areas and then assigned to a matrix, similar to the transformation of a globe to a map. The matrices can subsequently serve
as input for a Convolutional Neural Network (CNN) which, after successful training, can recognize the plausibility of new
simulations. A detailed description of this process can be found in (Spruegel et al., 2021). A similar idea for the
classification of Acoustic Finite Element Simulation with PointNet and DGCNN was also developed, but tested with a
much smaller dataset (Shivaditya et al., 2022).
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Figure 1. Overview of the plausibility-check method according to (Spruegel et al., 2015; Spruegel et al., 2021)

2.2. Testing models with unknown data

The evaluation of Machine or Deep Learning models is an essential step in the application of new algorithms or models.
Therefore, it is also a key step in all procedures for employing trained models, for example in CRISP-DM or Knowledge
Discovery in Databases (KDD). Numerous factors, such as the objective, the model, the data and the metrics, influence
the evaluation result.

At first, the metrics relevant to the problem area must be determined, whereby a distinction is made between the general
function of the model, e.g., whether it is a classification, regression or clustering problem. Since the presented procedure
for the plausibility check is a classification problem, only metrics for the evaluation of classification tasks are presented.
The different options for evaluating models with unknown data are then presented, starting with the classic hold-out
approach, followed by model robustness and concluding with the out-of-sample technique.

2.2.1. Classification metrics

The basis for the analysis of classification problems is the confusion matrix. It consists of the variables True Positive (TP),
True Negative (TN), False Positive (FP), and False Negative (FN). The metric used to compare the different Deep Learning
architectures is called accuracy and is normally calculated for the three datasets: the training, validation, and test datasets
(Fawcett, 2006; Powers, 2011; Zhou, 2021). The comparison between training and test accuracy also provides helpful
information about the model. It is useful to look at the difference between the two accuracies to determine overfitting or
underfitting. Overfitting describes the phenomenon when the model is too well adapted to the training data and therefore
classifies the unknown test data worse, even though it was trained longer or more extensively. Underfitting describes the
opposite effect; a model that is not yet optimized well enough with the training data (Goodfellow et al., 2016).

2.2.2. Unknown dataset procedures

In addition to the mathematical metrics for calculating the respective result values, the input data is crucial for evaluating
the models. The introduced metrics can be determined with any data set, only the relevance varies with the selected datasets
as these can be known or unknown. From literature three different ways of analyzing the trained model with unknown
data are identified and illustrated in Figure 2. These types are an excerpt of possible procedures and are presented below.

The standard method splits the entire dataset randomly into training and test sets and is called hold-out (Bruce et al.,
2021). Itis based on a defined percentage, which usually varies between 10 % and 20 %. As the name suggests, the training
data is used to train the model, whereas the test set is only applied for evaluation at the end. So, no further optimization is
possible after the test data is submitted, otherwise, the data is considered as training. An enhancement of this idea is k-
fold cross-validation (Bruce et al., 2021), in which the model is trained and tested with different fractions as test datasets.
The entire database is divided into k subsets and then one of the k subsets is used for testing the model, while the remaining
(k-1) subsets are applied for training. This process is repeated k times until each partial dataset has served once as an
unknown test sample. The mean value of all evaluations is calculated, thus ensuring that a particularly simple test set did
not lead to good results by accident. Another solution is the exact selection of training and test datasets, which often occurs
for benchmark datasets. This is intended to minimize the random factor that is inevitably integrated into the evaluation
when datasets are selected arbitrarily.

Besides the traditional hold-out evaluation, the model robustness is also crucial for its application success. The evaluation
of robustness involves not only simple unknown data but actively manipulated data to artificially complicate the
recognition. The goal is to develop a model that can deal with uncertainties or even modified data.
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Figure 2. Different procedures that deal with unknown data in evaluation of Machine Learning models according to
(Bruce et al., 2021; Malik et al., 2020; Dubrov, 2023)

This ability is particularly relevant for applications in real-life situations, such as financial transactions or autonomous
driving cars. The underlying idea is older than the current robust Machine learning trend and is based on robust statistics
(Tukey, 1975), which aims to provide statistical conclusions despite corrupted data. Robust models should handle
manipulations in the datasets. According to (Dubrov, 2023) these modifications include noisy data, distribution shifts and
adversarial attacks. The first two types can occur primarily in the real application of models. Noisy data can contain
deviations, errors, missing values or many unimportant data points. Distribution shifts are primarily defined as situations
where the training dataset does not reflect the distribution from the application case. Different conditions apply to
adversarial attacks, in which the evaluation data is actively manipulated to deceive the model and thus expose its
weaknesses. The types of perturbation are diverse, from simple Ip deviations (Szegedy et al., 2013), translation and rotation
of images (Engstrom et al., 2018) to placing stickers on real traffic signs (Eykholt et al., 2018). Special toolboxes to check
for these types of attacks have already been developed by (Rauber et al., 2017; Engstrom et al., 2019).

One starting point for improving robustness is the complexity of the model. Less complex models can be more robust
against perturbation, but tend to be less accurate overall, according to (Abu-Mostafa et al., 2012). A study with
Convolutional Neural Networks (CNN) on image recognition conducted by (Su et al., 2018) reveals similar results. The
comparison tested 18 different CNN architectures and demonstrated that less complex models are more robust to changes,
but do not reach the accuracies of more complex models.

Another characteristic of Machine Learning models is their generalizability or generalization error. This metric provides
feedback on the ability to adapt to new, unknown data and is consequently referred to as out-of-sample error, see Figure
2. According to (Malik, 2020) the out-of-sample test is the only relevant metric that really determines the success of trained
models. However, the definition and determination of outliers is highly dependent on the domain, application and data
availability. For example, out-of-sample performance is frequently employed in time series analyzes by evaluating the
model with new and unknown time periods (Chu et al., 2023). A continuation of the generalization idea is testing the
models with out-of-distribution (OOD) datasets. According to (Yang et al., 2021; Yang et al., 2023), these datasets should
represent both the covariate shift and the semantic shift and thus enable a better conclusion about the generalizability of
the model. The covariate shift rather describes the changed distribution within the classes, whereas the semantic shift
creates differences between classes, all compared to the original training dataset. (Yang et al., 2023) define different
categories for the datasets depending on the degree of shift expression, with all falling under the out-of-sample description.
The different classes are training, covariate shifted, near-OOD, and far-OOD, which are all illustrated in Figure 3.
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Figure 3. Example of different out-of-sample dataset categories depending on the shift type according to (Yang et al., 2023)
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3. Research gap and approach

3.1. Research gap and question

In contrast to the academic environment, when applying trained models in the industrial setting, the input data cannot be
accurately anticipated. Therefore, the consideration of the out-of-sample capability is extremely important. The general
approaches were presented in the previous chapter, but the specific transfer to the engineering environment is missing.
More and more data-driven methods are developed in the product development domain for decreasing the time to market
or improving the user acceptance (Banerjee, 2021 and Ragani et al., 2023), making it increasingly necessary to test
transferability on unknown datasets. This publication intends to address this gap for the plausibility detection method for
FE simulations through answering the following research question: To what extent can trained Deep Learning models for
detecting plausibility in FE simulations be transferred to unknown simulations and what procedure parameters influence
the detection results?

3.2. Testing procedure

The basic procedure for answering the question is displayed in Figure 4. The process is based on the typical testing of
trained models and is divided into the areas of data-generation, -preparation, model selection and evaluation. The relevant
influential parameters for the individual steps are highlighted in the blue dashed boxes in the Figure. The initial step for
the data generation is to develop an adaption of the established out-of-sample categories to the FE simulations domain,
which requires determining the impact features on FE simulations and then specifying the gradations of these criteria. The
data for the respective categories is then generated via parameter studies, whose structure and resulting data creation are
examined in section 4. The dataset then serves as the basis for answering the research question. Different established CNN
architectures as well as normalization strategies for the transformed matrices are also tested to determine their influence
on the recognition accuracy. The evaluation and discussion of the obtained result are presented in sections 5 and 6.
Concluding the paper, the possibilities for adapting the overall procedure to be better suited for unknown simulations are
investigated.
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Figure 4. Overview of the procedure and the parameters for testing the generalizability of the plausibility check

3.3. Adaption of out-of-sample testing for FE simulation

The principle of in- and out-of-distribution data must be mapped to the domain of the FE simulations so that trained
plausibility detection models are examined for their generalizability. The testing approach is orientated on the basic
preprocessing steps in an FE analysis, which involves selecting and importing the geometry, defining supports and
boundary conditions, meshing the component and assigning material parameters. Table 1 provides the list of the factors
and their individual characteristics, which are classified into the categories of (Yang et al., 2023), whereby the degree of
similarity stage 0 corresponds to the existing training data. The first degree of deviation corresponds to the covariate shift
and contains new, unknown parameters for the existing simulations in the dataset. The possible parameters for the
geometry, boundary conditions and meshing are newly selected and are therefore not available in the training dataset. In
stage 2, similar or related geometries are applied instead of the original components. For this purpose, derivatives are
created for each of the parts from the original dataset. New types of material are also used e.g., plastics instead of metals.
The boundary conditions rely on the geometry and operation conditions and are therefore not included in the training
database. In addition to changing element sizes, adaptive meshing is activated to create non-uniform meshes. This level
corresponds to the near out-of-distribution class, as completely different but related parts are employed compared to the
original dataset. The last stage describes simulations that are very far away from the original dataset; in the context of
structural mechanics simulations. This means new components of a different Opitz code (Opitz, 1970) and also completely
new load types. Other forms of simulation such as module analysis or Computational Fluid Dynamics could be categorized
at this level. The large number of possible combinations is a problem when implementing the testing procedure, as new
components are required for the geometric changes, making it impractical to test all full factorial combinations. However
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several different parts must be tested, as otherwise, one geometry could work well or badly by chance. Therefore, the
different stages are tested as a whole and no combinations (e.g., geometry stage 1; mesh stage 0; material stage 2 etc.)
between the stages are considered.

Table 1. Adaptation of the out-of-sample testing for plausibility detection in FE simulation

Adapted generalization stages for FE simulations

0 — Training ID 1 — Covariate shift ID 2 — Near OOD 3 —Far OOD
Same part parameters ~ Altered part parameters Similar part New Opitz-class

Boundary Altered load case Altered point of load
o Same load case S Unknown load case
condition parameters application
Mesh Same mesh Altered element size Adaptive meshing

Material Same material Same material class Altered material class

4. Application study

4.1. Dataset

The transfer of the described generalization testing procedure to the existing method of plausibility detection with its
dataset is illustrated in the overview in Figure 5. The image demonstrates the respective parts for the parameter studies,
arranged according to the abstraction level. The intention is to test each stage separately with multiple components so that
a conclusion about the generalizabilty can be made. In stage 1, the same components are used as in the training dataset,
but with new parameters for the mesh, geometry and loads. This method was realized for four out of five components from
the training set, except for the crankshaft because there was a compatibility problem between the CAD and FEM software.
The next deviation category (stage 2) requires new components that are close to the training data but still vary noticeably.
The similarity can be represented via the part function, for example, the bicycle rim (derived from car rim) and the brake
pedal (derived from brake lever), or via the geometric similarity as in the case of the drone frame or the shaft. Possible
components were also defined for stage 3, but these differed significantly from the original geometries. The general idea
here was to remain in the product category but to select new components from it. For example, in the field of machine
elements, a gearwheel is suitable for a drive shaft, in the suspension of a car a wishbone is close to a wheel rim and in the
frame of a bicycle a spring is next to a rocker arm. The additional modification parameters such as material, mesh and
boundary conditions vary also for each parameter study. The structure of these simulations is explained in the following
section with a brief explanation of the basic structure of the simulation. All are structural-mechanical simulations of
components that are turned into parameter studies with different experimental designs. All parameter studies of the test
datasets were carried out with Ansys Workbench, which was connected to PTC Creo. The training dataset of stage O is
taken from (Bickel et al., 2023) and is only used to train the models in this study. For the stage 1, existing simulations
were utilized with new parameters according to the presented approach. In contrast, all components for stage 2 were newly
designed and the associated simulations generated.

Stage 0 Stage 1 Stage 2 Stage 3

Inliner-skater Inliner-skater
altered parameters
frame frame
Car rim altered parameters Car rim

Drone frame

Bike rim Wishbone

(2] EUCH IV gl altered parameters - WTEUCHEV:Tg Brake pedal
Mountain- s Mountain- Mountain-
bike rocker bike rocker bike spring

Crank shaft Shaft

Figure 5. Overview of the simulation studies set up, including the respective specification level and components

4.1.1. Stage 1 — Covariate in-distribution

The simulation studies of stage 1 are based on the preliminary work of (Bickel et al., 2023) and comprise four simulations.
The exact setup and the associated load cases are explained in the publications. In total, over four thousand new simulations
were calculated, with almost equal distribution between plausible and non-plausible simulations. All results combined
have a memory consumption of approx. 270 GB, with an exact breakdown for each component listed in Table 2. The cause
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of a non-plausible simulation can be the geometry, the mesh or the load case. In all studies, parameters for these three
possible causes are defined via a d-optimal design of experiment (DOE) plan. As described in section 3.2, parameter values
that are not included in the previous training data were chosen.

Table 2. Overview of the numbers of simulations in the stage 1 dataset

Part name Number of simulations  Plausible Non-plausible  Storage space
Mountain bike rocker 1,026 540 486 17.0GB
Inliner frame 1,008 432 576 17.5GB
Brake lever 1,045 563 482 88.7 GB
Car rim 952 400 552 144 GB
Whole dataset 4,031 1,935 2,096 267.2 GB

4.1.2. Stage 2 — Near out-of-distribution

A total of four new CAD geometries were created for the analysis of stage 2. The models are similar to the parts from the
training dataset either geometrically or functionally and include a drone frame, a brake pedal, a shaft and a bicycle rim.
The setup of the individual simulations and the respective component geometry are shown in Figure 6. The load cases for
all components represent a realistic product development step, so that all simulations have reference models for the
boundary conditions.
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Figure 6. Simulation setup for the new components in the stage 2

The shaft was designed for a pedestrian stacker which is used in industrial environments for transportation and lifting of
heavy items.. The constraints were defined via a requirement specification (lifting weight 1,000 kg) for the pedestrian
stacker and the shaft was fitted with bearings and loads according to the task. The motor is connected to the shaft via a
tapered press connection and the sprockets transmit the torque via feather keys. The other end of the shaft is supported by
a floating bearing.

The next component is a drone frame, which serves as the central structure that carries all the important components such
as the battery, control system, motors and cameras. Previous studies for 3D-printed drones (Shelare et al., 2021) and
quadcopters (Ahmad et al., 2021) provided the foundation for the boundary conditions, which simulate the situation of a
drone taking off. The operating mode is composed of the thrust of the motors, which is realized via a force on each of the
four arms of the frame, and the weight of the electronics, batteries and camera.

The brake pedal is an essential part of the vehicle control and braking system and serves as the third model. The simulation
setup and the associated values were again derived from the existing work of (Kharde et al., 2021; Sargini et al., 2020).
The force is applied to the tread surface and transferred to the brake cylinder via the upper bore, which corresponds to the
fixed support in the FE simulation. The pedal is supported by a frictionless bearing on the second hole.

The last component is a bicycle rim. It is the link between the bicycle frame and the tire and must withstand high loads
during operation, as all unevennesses and ground conditions are transferred directly to it. Standards were developed for
the actual testing of bicycle rims, which are summarized in (ISO 4210-7:2023). The norm defines a test setup that fixes
the rim to a clamping device and then applies a static force to a spoke perpendicular to the plane of the wheel. This setup
was incorporated into the FE system and reproduced with the corresponding values from the standard.
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From the individual simulation setups numerous datapoints are created through paramter studies. All possible parameters
(mesh, load, material, and geometry) were again integrated into a d-optimal DOE. Geometric parameters are assigned to
all parts and allow the CAD model to automatically adapt. An example of the different parameters used on the brake pedal
is the thickness and length of the pedal, as well as the width and height of the tread surface. The aim was always to calculate
1,000 design points per study. Afterwards, an Ansys Parametric Design Language (APDL) script saved the results for each
simulation as a text file, which includes the stresses, deformations, boundary conditions and mesh. After executing all
simulations, a dataset of approx. 3,000 simulation results was created for stage 2, of which 1,358 are plausible and 1,653
are classified as non-plausible, as stated in Table 3. The memory requirement is almost 1 TB, whereby the required
memory space depends heavily on the simulation setup, geometry and meshing. For all dataset, the labelling was carried
out using a combination of automated (e.g. rule based for too high force) and manual marking.

Table 3. Overview of the numbers of simulations in the stage 2 dataset

Part name Number of simulations  Plausible Non-plausible Storage space
Shaft 1,008 460 548 287 GB
Drone frame 1,033 416 617 135GB
Brake pedal 646 352 294 81.8 GB
Bike rim 324 130 194 416 GB
Whole dataset 3,011 1,358 1,653 919.8 GB

4.2. Data preparation

Before the generated data is processed by a Deep Learning model, it must be transformed into matrices. For this purpose,
certain parameters are specified for the training and subsequent test dataset so both can be evaluated by the model. The
first parameter is the resolution of the matrices, which was set to 100 x 100 as it is the best compromise between accuracy
and computational load. Furthermore, the specific pre- and postprocessing matrices from the results must be chosen. The
selection of matrices was based on the idea of a wide application range for plausibility detection. As a result, 26 different
matrices are generated for one simulation: nodes, fixed translation and rotation in the X-, Y- and Z- directions; force,
external force and pressure in the X-, Y- and Z- directions; moment about the X-, Y- and Z- axes; positive and negative
displacements in the X-, Y- and Z- directions and the equivalent to von Mises stress. Once the calculation results are
successfully transformed into the matrices, they are subsequently normalized. Two options are tested in this paper: First,
the specific normalization from (Spruegel et al., 2021) and second no normalization of the matrices. The intention is to
investigate whether a specific adaptation of the normalization to FE simulations has a positive effect on detection.

4.3. CNN-Architecture

As described in the state-of-the-art section, a CNN is required for the classification of plausibility. Several popular CNN
architectures are utilized in this study and their ability to recognize unknown simulations is tested. The general problem
for the application of CNNs as part of the plausibility check is the modified model input. Normally, CNNs have an input
of X x X x 3, as they were developed for RGB images. In the case of the plausibility check however, this input changes
to X x X x 26, which means that the structure and the respective layers must be adapted. In preliminary work in this area
by (Bickel et al., 2022; Bickel et al., 2023) several established and readily available CNN architectures were modified for
this new application domain, although the employed CNNs differ in terms of structure and complexity. The principal
architecture of the Deep Learning models was inspired by: Inception-V3 (Szegedy et al., 2015), VGG16 (Simonyan and
Zisserman, 2014), DenseNet (Huang et al., 2017), MobileNet (Howard et al., 2017) and ResNet (He et al., 2016). The
exact adaptations and changes to the structure of the various CNN architectures are described in detail in (Bickel et al.,
2023). For the training, the data was automatically partitioned into training, validation and test datasets according to the
72 % - 8 % - 20 % principle. All models were trained on the identical computer server, which is equipped with two AMD
EPYC 7643 processors, 256 GB RAM and two Nvidia A40 (46 GB) graphic cards.

5. Results

After all models were successfully trained with the same training dataset (stage 0), their accuracy is determined. The
overall results for the different stages are displayed in the bar chart in Figure 7, whereby a distinction is made between the
normalization strategies and the employed networks.

The evaluation of level 0 demonstrates that normalizing the data leads to better accuracy for all networks, besides the
ResNet. The influence of the network architecture is thus reduced by the specific preparation of the data. Overall, the
models with the own normalization achieve a very high level of accuracy with the test dataset, with an average value of
0.985 across all models. In contrast, the accuracy is considerably lower if the data is not normalized, with a mean value of
only 0.953. These results also reflect the findings from previous publications (Bickel et al., 2023 and Spruegel et al., 2021),
where it was stated that a specific normalization leads to an improved recognition of plausibility.
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Figure 7. Mean classification accuracy over all parts split by stage, normalization strategies and architecture

Evaluating stage 1 of modification reveals a different picture, as the non-normalized matrices achieved significantly higher
values. In contrast to level 0, the CNN architecture has a greater influence on accuracy, with the two complex architectures
Inception V3 and ResNet as the best representatives. Only the DenseNet improved using the normalized dataset, reflecting
the stage 0 results where the model improved most by changing the normalization strategy. Overall, the Inception-V3 was
able to obtain a very high accuracy of 0.860 for the unknown dataset, with the values for some parts even exceeding 0.940,
as the evaluation in Figure 8 illustrates. Looking at the different parts, it is particularly noticeable that the car rim was
difficult to classify for all models. The reason could be that in addition to the load and element size, the rim and also the
brake lever vary geometrically from the training dataset and are therefore more difficult to classify. This phenomenon is
also evident in the ResNet model, which achieves significantly better values for the mountain bike rocker and the inline
frame than for the other two components. The VGG16 and MobileNet are at a similar level and tend to reach around 0.70
accuracy for each individual part.
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Figure 8. Classification accuracy for stage 1 with no normalization, split by part and architecture

Stage 2, on the other hand, shows a significantly inferior performance for plausibility detection as apparent on the right
side of Figure 7. All tested models achieve very low accuracy values below 50 %, which would be achieved by randomly
guessing. Consequently, further examination of stage 3 results makes little sense. The causes and reasons for the obtained
values are discussed in the next section and the necessary action steps for the plausibility detection method are derived
from this.

6. Discussion

In general, the recognition accuracy decreases as the test data moves further and further away from the training data. The
results obtained for stages 0 and 1 are promising and indicate that the method is robust against this kind of deviations from
the training data. That seems to be the current limit of the applied method as no reasonable accuracy could be achieved
for stage 2, which answers the stated research question. The study showed that the model selection has a major influence
on the accuracy of data outside the parameter space of the training data. Contrary to the common principle that complex
models lead to a higher out-of-sample error (Abu-Mostafa et al., 2012), the results reveal that the opposite effect occurred.
In comparison, the parts themselves have a greater effect on the recognition accuracy, which may be due to the limited
availability of geometrically parameterized parts in the training dataset and the characteristics of the projection method.

NordDesign 2024



Another cause for the poor results is the definition of plausibility, as this was previously described as "likely valid"
simulation results. This creates a range of uncertainty between the plausible and non-plausible labels, where the assignment
of plausibility is no longer conclusive. One possible approach would be to include this sector as a class and categorize it
as "no reliable statement possible™. In addition, stage 2 components were possibly too far from the original data and should
therefore be assigned to stage 3 rather than stage 2. In the future, an intermediate stage should be introduced, which
consists of modifications or adaptations of stage 2 parts, for example, a crankshaft for a four-cylinder engine.

In addition to the plausibility definition and the part-choice in the unknown datasets, the training of the models must
likewise be discussed. One potential idea could be to reduce the number of input matrices to make the model leaner and
therefore more robust. Currently 26 input matrices are used, which are divided into pre- and postprocessing results. Using
only the eight postprocessing matrices could be sufficient for assessing plausibility. In addition, the training parameters
offer a good opportunity for more generalizable models. For example, the training duration could be shortened by reducing
the validation patience, thus lowering the probability of overfitting during model training. Furthermore, additional drop-
out layers can be integrated into the models, which automatically delete a percentage of learned weights and should lead
to more general models.

Also noticeable in stage 2 was the tendency of the trained models to generally determine "non-plausible” as the result of
the classification when given unknown simulations. For a hypothetical industrial application as described in (Bickel et al.,
2019), this circumstance is quite beneficial, as the model warns the user and does not define unknown or even faulty
simulations as plausible. In this scenario, an experienced calculation engineer would have to check the simulations in the
event of a non-plausible result and thus verify the calculated results. This engineer could then include the simulation results
with their corresponding labels in the database and reduce the problem for subsequent simulations of similar components.

7. Conclusion and outlook

In summary, this publication presents and applies a procedure for testing the generalizability of the plausibility check
method to unknown simulations. First, different possibilities for testing trained models were analyzed. Subsequently, the
findings were transferred to the domain of FE simulations by defining different stages of abstraction for comparison. A
total of eight simulation studies with a combined volume of 7,042 calculated results were generated to allow a reliable
conclusion on the current generalizability of the method. This unknown dataset was tested on a total of five different CNN
architectures, all adapted to the task of using simulation matrices as model input. The evaluation reveals that the current
plausibility detection method for FE simulations recognizes the stage 1 well, but achieves poor accuracy for the stage 2
dataset, with the possible causes and reasons discussed and analyzed in detail. The aim of future work is to improve the
procedure so that greater accuracy is achieved for unknown simulations. The opportunities are manifold, starting with the
training data and associated DOE, the training and architecture of the models, the preparation and selection of the
simulation outcome for the projection, the definition of plausibility and finally the structure of the unknown datasets.
Furthermore, the underlying method could be revised so that a high level of accuracy can ultimately be achieved even with
unknown components from the third deviation stage.
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