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OQutline

Mathematical competences for Industry 4.0 at PoliMl

Some exemplary projects from different Departments

« Dipartimento di Matematica
« Dipartimento di Energia

« Dipartimento di Chimica, Materiali e Ingegneria Chimica
«G.Natta»

« Dipartimento di Ingegneria Meccanica
« Dipartimento di Ingegneria Gestionale
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Main mathematical competences for 14.0

Optimization
Reduced order models

nlied Statist
data analysis
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Integrating data and numerical models

Use a-priori knowledge to best fit data or identify patterns

Observed data (with errors) Differential

model
describing
prior
knowledge

Elf]

Reconstructed
pattern (with
uncertainty

guantification)

Dopper velocimetry * Reconstruted \Z/elc;city

Model aware estimation procedure




How models and data may complement each other

Physically based reduced models to drive parameter estimations/inverse
uncertainty quantification/optimization

Pn(u; ) =0

Offline
Computations
(expensive)

Online
Computations

Offline solution o
(with uncertainity) Parameter estimation



How models and data may complement each other

Using numerical simulations to provide complementary data

Morphology
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Department of Mathematics

 Some examples of industrial projects at the
Laboratory of Modeling and Scientific Computing
(MOX)

 Object oriented spatial statistics for complex data



Some examples of research projects at MOX laboratory

M@ X

MODELING AND SCIENTIFIC
COMPUTING

~ displacement slip

Characterization of particle-size
N . . . .

distributions in an heterogeneous
aquifer

Numerical methods for strongly heterogeneous and
coupled problems in subsurface flow and geomechanics

@Y T
Dispersed-bubble or bubble flow

(i

Intermittent: Elongated bubble, slug, and churn}ﬂozv 4

Topology optimization for self assembling material

Uncertainty quantification analysis for flow in pipe
networks



Object Oriented Spatial Statistics

Treating Data as Objects
The «atom» of the analysis is the entire object, considered as
a point within an appropriate mathematical space

4 . A
B2 e W \ | + Measure spatial
Vo Xsp| | dependence:
y Xs A 1 X2 P
' * = ¥_ ya & similarities between
*? S )Q objects (distances)
: o ’ o * Prediction at
X;E’ Xsa — unsampled
- locations through
linear combinations
i~ * of the data
\_ | Field site Math. space )

While standard approaches apply classical geostatistical tools after
reducing the dimensionality, O2S2 uses the entire information content
In the data
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An Application of Object Oriented Spatial Statistics
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Figure 1: Analysis of soil properties and gas rate production curves

Functional data
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Uncertainty quantification

Parameter space

LHS Design
( simType

@ Coarse

@ Fine

Full Responses Proxy Responses

1] 2000 4000 6000 0 2000 4000 6000
Time Time

Problem: the full numerical model is too expensive

The idea: Combining full and proxy output to predict
response for the entire parameter space and quantify
uncertainty

ny Ny
X = D Ahxd + DN,
i=1 i=1

0.75

-ZAZ Statistical meta-modeling for object responses
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Dipartimento di Energia
Energy Department

* Design and application of cellular structures for the
intensification of chemical processes
* Pulse laser deposition of nanostructured thin films



Design and application of cellular structures for the intensification

of chemical processes

The objectives of intensification

of Catalysis and
Catalytic Processes

Laboratory

LCCP‘

small-scale production (exploitation of distributed and remote energy sources)

. high efficiency and lower costs (e.g. heat transfer efficiency is a typical bottle-neck of
several chemical and industrial processes)

 drop-in technologies, with high technical and societal acceptance

Example: intensifying heat transfer in tubular catalytic reactors

Existing Technology
Reactants

/v
J Jm—
coolant
—_—

coolant

1
radial heat
transfer
|

Products

Slow convective

Proposed New Concept
new strategy for heat management

Co,
Sty ,)d’/q i
cg{a 2 e
P a /ks‘f (4

= low AP
= chemical regime

by the application of Periodic
Open Cellular Structures (POCS),
catalytically activated.

POCS can dramatically change
the design and final performance
of externally heated/cooled
catalytic tubular reactors.



POCS design: a wide variety of cell-geometries give rise to monolithic structures with
tunable characteristics (void fraction, friction factor, radial and axial heat transfer)

Cubic

Diamond

The research activity on POCS @ DENG

* CFD modelling and experiments to design tailored conductive
structured substrates and investigate new concepts for their
manufacturing, catalytic activation and operation

* experimental demonstration of the concept for catalytic
processes, such as production of synthetic fuels.



Pulsed Laser Deposition of Functional Nanostructured thin Films

Micro and Nanostructured Materials Laboratory
www.nanolab.polimi.it

Material Fabrication Material Investigation
Growth of nanostructured thin Morphology, structural and
films and nanoparticles electronic properties
e Pulsed Laser Ablation e Electron microscopy

» Evaporation “ - « Scanning Probe microscopy

* Sputtering - Vibrational spectroscopies

* Cluster deposition * Electrical/optical properties

/

Physical Insight
Structure-Property relationship

[ Theory and models ]
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Dipartimento di Chimica, Materiali ed
Ingegneria Chimica «G. Natta»

* Process simulation and control
* Immersive Virtual Reality
* Process intensification in chemical industry



Process Simulation and Control

Dynamic Process Accident
Simulator Simulator

= Quantification and visualization of iso-radiative flux curves
= Quantification and visualization of iso-concentration curves
= Evaluation of the toxic absorbed dose at a point of the plant
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Immersive virtual reality

A virtual reality environment based on the real structure of the plant
allows increasing the immersivity of the software:

— full 3D visualization and rendering of the plant
— immersive participation to:
* meteorological conditions: wind, sun, light, night, fog...
» spatial sounds of process units
« equipment materials and ground features
» High detail of secondary equipment and plant features:
— Valves, pumps, pipe rack, structures, ...

The operator is in front of a 3D stereoscopic environment and
moves through the 3D representation of the real plant

The operator can experience events and concepts that a
conventional OTS can neither simulate nor render
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Dipartimento di Ingegneria Meccanica
Department of Mechanical Engineering

* Innovative Microdrilling

 Concentrating Solar Power

e Structural Health Monitoring

* Smart Monitoring Systems for Integrity and Operability



Innovative microdrilling

Innovative microdrilling technologies take advantage from an orogresaing Reversing

integration of traditional (percussive) and bio-ispired concept (DRD """ l T e T l
Dual Reciprocating Drilling) —_—

e Reduction of Weight-On-Bit Penetration gonorated by

*  Stabilization of the bore overcome ' l,;;;:;:g::fd l' ‘t

J Driling direction

Vision - Miniaturize tools with real time control and measurement able to investigate in the formation
*  Medium term: well stimulation
* Long term: self standing micro drilling for exploration




Technologies to concentrate solar power

The CSP2 project started in 2015 with the objective of designing an innovative cost-effective parabolic solar
trough, and built a first prototype in order to validate the numerical models through experimental tests.

Technology platform: Renewable energies
Develop cost-competitive and proprietary technologies to produce
energy from renewable sources

Main results already achieved

= Design and optimization of the CSP

= Definition of cheap and low technology components and
operations

= Use of structural adhesive for joining parts of the trough

= Design of a novel assembly system and operations with low cost
and high precision

= Real-scale prototype construction in PoliMi laboratories
(experimental assessment of mechanical strength, validation of
the numerical model)

= Executive design a pilot plant (32 troughs) in
Assemini (CA)
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Structural health monitoring with application to oil&gas

Solution: autonomous SHM systems for O&G
BENEFITS

* Sub-sea and large structure monitoring: real-time,
online

* Diagnosis under various environmental conditions

* Downtime minimization, optimal maintenance
scheduling

TOOLS

* Distributed, hot spot and remote sensing

* Advanced statistical models for damage assessment
* Uncertainty management: stochastic methods

Oil & Gas applications: OFFSHORE monitoring — improve structural integrity, life extension

* Both hot spot monitoring and distributed monitoring using Integrated approaches (fiber
optics, acoustic emissions, guided waves, remote sensing)

* Environmental monitoring (external loads): database for long term prognosis

* Real-time diagnostics of the jacket structure using pattern recognition and statistical
methods

* Dynamic monitoring: health assessment of the deck by structure’s accelerations

* Integrity management using advanced stochastic methods and uncertainty quantification

Oil & Gas applications: PIPELINE monitoring — improve safety, reliability & availability

* Real-time leak detection for multi-phase systems

* Fiber optics distributed sensing

* Impact monitoring,

* Real-time pipeline deformation

* Statistical models for pattern recognition: damage classification, sizing
* Uncertainty management: risk assessment, maintenance scheduling
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Smart monitoring systems for integrity assessment and operability
Application to a pipeline network

Smart systems able to analyse data from sensors along the pipeline can
predict residual lifetime of the pipeline and the need for
replacements/pigging.

PoliMi has developed a new technique to analyse the damage under
severe cycling in terms of propagation of defects with help of Digital Image
Correlation: such an approach can provide data for algorithms to post-
process FE analyses.

Analysis of the ‘crack
driving force” with
Digital Image
Correlation

—— Global
—— Local
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Dipartimento di Ingegneria Gestionale

Department of Management Economics and Industrial Engineering

e Smart maintenance tools for a safe electic arc
furnace



