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A Digital Twin is a virtual representation of a 

Connected Physical asset.

The essential elements of a Digital Twin are :

Å Virtual representation (model)

Å Physical realization (asset)

Å Transfer of data / information (connected) between the two. 

To have a Digital Twin is required also a physical asset.

Digital Twin Capabilities.

Å Use of modeling and simulation to reduce the cost and

span of items development, reduce the time and cost of the

certification of components and subsystems (reducing the

number of costly physical tests and iterative re-design cycle

loops

Å Use of information acquired throughout the product

lifecycle to make more informed decisions about the current

and future status of a component and subsystem (using

machine learning and data science approaches)
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The Davinci-1 supercomputer, one of the most powerful supercomputers in

the Aerospace, Defence and Security sector, is Leonardoôsanswer to drive

technological transformation towards the digitalisation of industry.

The Davinci-1 High Performance Computing architecture is an integrated

supercomputing and Cloud computing platform that combines flexibility and

computing power, enabling the use of algorithms (from deep learning to

Artificial Intelligence), the customisation of technological platforms, and the

calculation of countless interactions between the data generated (data

analysis and big data).

Davinci-1 can develop predictive models with a role across every Leonardo

business unit, serving as a digital enabler that improves product legacy and

accelerates the diversification of new solutions.

High Performance Computing - Davinci-1
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MULTIPHYSICS MODELING

To implement a Multiphysics Digital Twin the interaction of different disciplines have to be taken into account

from the early design phase.

Conventional approaches to modelling, however, cannot cope with such multi-physics systems, a new

modelling approach is needed to encapsulates significant aspects of the behavior of different disciplines models

in a computationally efficient form.

The need for a fast and robust method adapting pre-computed models to new sets of physical or modeling

parameters in a system overall view is possible with the introduction of the Reduced-order models (ROMs) as

computationally low expensive mathematical representations that offer the potential for near real-time analysis.

While ROMs can operate in near real-time, their construction can however be computationally expensive as it

requires accumulating a large number of detailed component simulations and or test data acquisition.
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Discipline specific model building and simulation: 

Discipline specific 3D geometry or 3D computer aided engineering (CAE) models of high complexity and accu-racy are used for 

validation and optimization of detailed aspects.

Reduced Order Model (ROM) :

Once a detailed 3D simulation model is build-up and correlated with physical test it is possible to compress the contained 

knowledge and reuse it as custom model for a component in a system simulation model.

Model order reduction algorithms can compress even huge 3D simulation models in such a way that the resulting reduced order 

models are small enough for faster than realtime evaluation. 

System simulation: 

Models, often very simple, simulating primary behavior and covering multiple disciplines including software and control are the 

basis for a systematic investigation of the developed solutions on a system level.

Digital Twin: 

Digital Twin is a virtual representation of physical objects, systems, or processes that, when connected with data from the 

physical (or simulated) world, can yield insights into the operation of the object, system, or process.

Reduced model
Digital Twin

Multiphysics Digital Twin
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Reduced Order Model
Reduced order models (ROMs) are simplifications of high-fidelity, complex models. They capture the behavior of these 
ǎƻǳǊŎŜ ƳƻŘŜƭǎ ǎƻ ǘƘŀǘ ŜƴƎƛƴŜŜǊǎ Ŏŀƴ ǉǳƛŎƪƭȅ ǎǘǳŘȅ ŀ ǎȅǎǘŜƳΩǎ ŘƻƳƛƴŀƴǘ ŜŦŦŜŎǘǎ ǳǎƛƴƎ ƳƛƴƛƳŀƭ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ǊŜǎƻǳǊŎŜǎΦ

ROMs can be used to simplify various models from full 3D simulations, systems simulations or embedded software. 
As a result, engineers can use them to:

Å Optimize product designs
Å Create larger systems simulations
Å Create Digital Twins
Å Create Internet of Things (IoT) devices

!ǎ ŀƴ ŀŘŘŜŘ ōƻƴǳǎΣ ŀ whaΩǎ ŀōƛƭƛǘȅ ǘƻ ǎƛƳǇƭƛŦȅ ŎƻƳǇƭŜȄ ƳƻŘŜƭǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜȅ Ŏŀƴ preserve proprietary information. 
Therefore, in many situations, organizations can share a ROM τ in the form of a black box τwith customers, external 

partners or contractors without risking their intellectual property.

Comparison between Reduced 

Order Models and Full CFD 

simulation

Multiphysics Digital Twin
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The Functional Mock-up Interface (FMI) 

https://fmi-standard.org/

The FMI is an enabler for scalable and tool neutral integration of simulation models from different disciplines,

developed by different teams or by external partners.

The Functional Mock-up Interface (FMI) defines a ZIP archive and an application programming interface (API)

to exchange dynamic models using a combination of XML files, binaries and C code (the Functional Mock-up

Unit (FMU). The API is used by a simulation environment, to create one or more instances of an FMU and to

simulate them, typically together with other models.

MULTIPHYSICS - FMI STANDARD

https://fmi-standard.org/
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USE CASE 1

RADOME Digital Twin
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The Physics

RADOME Digital Twin

Radome design involves many disciplines at the same time; a Multidisciplinary Optimization tool allowing the 

identification of the optimal solutions has been used. 

This method is well more efficient than ñTry and error» that requires many loops between departements and 

disciplines

Composite strength

EM transmission loss

Impact Failure

Manufacturing

Radome design involves many

disciplines at the same time

«Try and error» and many loops 

between departement and 

disciplines are very time consuming
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RADOME Digital Twin

Optimization Workflow

EM Analysis

(Transmission Loss)

Composite Static

Analysis

(Failure Index)

Composite layup

Design

Bird Strike Impact

(Intrusion)

DOE and Optimization loops

Kevlar ply number

Honeycomb Thickness

Honeycomb Performances

Geometry

Design Variables

Material

Characterization

Antenna  EM 

Characterization
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RADOME Digital Twin

Reduced Order Models

The Reduced Order Model is a mathematical link 

between some input variables (design variables) and 

some output variables (responces). 

High Frequency 

Electromagnetic

Composite Static

Bird Strike Impact

Models Integration 

& 

Co-Simulation

Multidisciplinary

Optimization


