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Traditional engineering process
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* Engineering activities mainly based on
physical models/expert knowledge

 Models developed for each activity -
low model share between activities

 Low use of operational data on models
development.
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Model Based Design
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Data Models & Physical models

Data Models
Large Amount of data (few
labelled)

Most Data from “good”
conditions
Explainability issues

Knowledge Transfer mmp

PhyS|caI Models
Large experience

* Results “similar” to real ones

* Uncertainties related to
parameters and boundary
conditions
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ML to obtain boundary conditions

Parameter estimation (Bayesian
models)

Data Models trained with Digital Twin
Results

Models combining data knowledge and
physical knowledge




Additional mobile and '
non mobile mobility
data
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Data Models based on Digital Twin Results
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Bay Bay

Health Monitoring systems

Applied to wheelset defects
Very few data of deteriorated conditions
High precision model of vehicle track interaction

DT results used to train SVM based health monitor
systems

Output: defect magnitude (i.e. peak force created by a
flat)
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Physical Model Parameter Estimation
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« Improve knowledge of the parameters of |
physical models
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Physic Informed Neural Nets
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 Introduce physical knowledge in the NN
e Lower training requirements

 Train of the NN in situations where no data
are available

output
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Conclusions
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« Digital Twins can be used to optimize different stages of the product
(design, homologation, maintenance,...)

e System models can be developed using different tools:
* Physical models
« Data based models (NN)
 PINN

« Data Transfer between models key to maximize accuracy /reduce
development effort

« Data can help to improve knowledge of parameters or boundary
condition of physical models

« Physical knowledge can be used to reduce training effort of data
models (PINN, artificial data generated with DT)
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