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New Methodology for Efficient Process Parameters Optimization
in Selective Laser Melting
A Novel Algorithmic Approach for SLM Process Optimization Based on Optical Metrology
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INTRODUCTION:
Selective laser melting (SLM) is a powder bed
additive manufacturing technology that enables
the production layer-by-layer of complex metal
components with high mechanical performance.
In recent years, this technique is starting to be
adopted for production of end-use parts,
addressing high quality requirements.
Optimization of process parameters is one of
the ways to achieve desired quality of a final
product. However, the currently available
process optimization methodologies take long
time and there is a lack of standards.
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AIM:
The aim of this work is to develop a fast, reliable
and objective process optimization technique
that can be employed in adaptive production
strategies and in parameters selection for new
materials.

SLMed 3D Benchmarks

APPLICATIONS:
Nowadays, SLM technology covers a wide
range of alloys used in a variety of industries,
including aerospace, automotive, dental,
jewelry, oil and gas, orthopedics and tooling.
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Haptic and audio interfaces for professional appliances
Design and evaluation of auditory,
tactile and force feedback rendering
technologies

Robust
interaction
Humanmachine
interaction

AIMS
Touch screens are the mostly used usermachine interface of our daily life. Whereas they
provide a visual representation of physical
controls (e.g. buttons, sliders, knobs), they do
not provide realistic tactile and auditory
feedback when they are manipulated. This
research aims to investigate tactile and auditory
properties of physical controls over neutral
surfaces, and to evaluate the effects of multimodal feedback on the user-machine interaction
through human-in-the-middle experiments.
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RESULTS
APPLICATIONS
The outcomes of this research can be employed
in several contexts; in general, rich multimodal
feedback can be used to improve the quality of
the user-machine interaction in consumer
products like domestic appliances and multimedia controllers. In the specific case of
professional appliances and industrial controls,
such feedback can improve the reliability and
consistency of the user-machine interaction
resulting in safer work environments.

This research resulted in two main results: the
experiments with humans contribute to the basic
research on multisensory perception, in particular
concerning the integration of auditory and tactile
feedback. In fact, the experiments demonstrated
the human ability to classify virtual buttons
rendering different material even if using degraded
auditory and tactile feedback, with higher
classification scores associated with bimodal
feedback[1]. In parallel, these results were used to
develop technological demonstrators consisting of
touchscreens able to render rich tactile feedback
based on pressing force dynamics[2]. A second
research line dealt with the development and
assessment of a low-cost programmable force
feedback knob able to render different tactile
effects like barriers, detents or variable torque[3].
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ALLINEAMENTO DELLE RELAZIONI NEL
CUSTOMER RELATIONSHIP MANAGEMENT
Sviluppo e applicazione di una metodologia di analisi delle relazioni
con il mercato in un’ottica di allineamento del valore
OBIETTIVI

Relationship Alignment Framework

Oggigiorno, le organizzazioni operano in mercati sempre
più competitivi e complessi, dove il passaggio ad una
prospettiva «duale» che tenga conto dei contributi
dell’organizzazione e del cliente alla “relazione” risulta
chiave ai fini della massimizzazione del valore ricavato e
dello sviluppo di relazioni stabili e di lungo periodo
(Fournier e Avery, 2011; Park e Kim, 2003).
L’obiettivo della ricerca è quello di sviluppare e testare una
metodologia volta all’analisi delle relazioni tramite una
doppia prospettiva che, attraverso un approccio
quantitativo e misurabile, allinei il valore ricavato da e
verso ogni relazione.

high
Relazioni
allineate

Value to Customer

Relazioni parzialmente
allineate

Relazioni
disallineate
Value to Firm
Rappresenta il valore percepito da
parte dell’azienda nei confronti della
relazione col cliente.

Value to Customer
Rappresenta il valore percepito da
parte del cliente nei confronti della
relazione col fornitore.

low

high
Value to Firm
Adattato da: Shapiro et al. (1987), Park e Kim (2003), Kumar e Reinartz (2018)

AMBITO DI APPLICAZIONE
La metodologia è pensata per una sua applicazione nei contesti delle organizzazioni Business to Business (B2B), in
particolar modo come supporto alla gestione strategica, tattica e operativa del parco clienti da parte della direzione
aziendale e commerciale. Il contesto B2B risulta adatto alla metodologia in quanto caratterizzato da un numero contenuto
di clienti, dalla struttura e distribuzione del potere e dalla complessità del processo di vendita, caratteristiche che rendono
particolarmente importante la corretta gestione delle singole relazioni al fine massimizzare il ritorno sull’investimento.

Modello di analisi

Value to Customer e
Customer Satisfaction
Customer
Performance =
f(VtF, VtC, CS)

Customer Satisfaction e
Performance
Commerciali
Value to Firm
(VtF)

Customer Satisfaction
(CS)

Allineamento della
relazione e Performance
Commerciali

Customer Performance =
f(VtF, VtC, CS)

Buona Customer Satisfaction e
Performance Commerciali. Tali performance
ripagano il costo dell’investimento dato l’alto
livello di valore della relazione.

high

Value to Customer e
Performance
Commerciali

Ottima Customer Satisfaction e
Performance Commerciali. Tali Performance
non sono sufficienti a ripagare il costo
dell’ investimento.

Value to Customer

Verifica di
correlazione tra:

Alto VtC // Alto VtF

low

Value to Customer
(VtC)

Alto VtC // Basso VtF

low
Basso VtC // Basso VtF
Sono relazioni sporadiche o
destinate a cessare, in cui sia
l’azienda che il cliente non
sembrano intenzionati a investire.

Value to Firm

high
Basso VtC // Alto VtF

Basso livello di Customer Satisfaction e
Performance Commerciali. Relazioni
attualmente «win» per l’azienda, ma
poco promettenti sul lungo periodo.

RISULTATI
Il lavoro di ricerca ha permesso di sviluppare e testare sul campo la metodologia di assessment
dell’allineamento delle relazioni. Tramite lo sviluppo di un modello di calcolo volto a definire
quantitativamente il “value to customer” e il “value to firm” è stato possibile posizionare ogni cliente, e quindi
ogni relazione, all’interno della matrice e verificarne l’allineamento. Successivamente, tramite una survey, è
stato possibile verificare il livello di soddisfazione dei clienti. Infine si sono analizzate le performance
commerciali in funzione dell’allineamento della relazione e della Customer Satisfaction evidenziando come, a
parità di valore ricavato dalla relazione, i clienti sotto la diagonale abbiano livelli di performance commerciali
inferiori rispetto alle relazioni posizionate al di sopra della diagonale. L’applicazione del modello ha quindi
evidenziato come un corretto allineamento del valore sia fondamentale per costruire relazioni proficue e di
lungo periodo.
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Models for potentiometric biosensors and bioactuators
Modeling and understanding ionic actuation
and ion-sensitive properties of surfaces and
polimeric membranes
AIMS:
My PhD focused on two main research areas. The first
part is devoted to the development of models
applicable to potentiometric biosensors. Here, we
converted transistors into miniaturized and portable
biosensor devices, for low-cost, low-power and CMOS
compatible biosensing units, pushing at the edge of
bioelectronics capabilities. In the second part we
employed our models to understand new generation
ionic pumps, studying conductive polymers, as a
promising material for iontronics development.

APPLICATIONS:
Biosensors and, recently, bioactuators are witnessing
increasing attention in the research and development
areas. In the Internet of Medical Things vision the
number of portable and connected devices are
estimated to grow exponentially. To this help,
knowledge and understanding provided by theoretical
models become essential tools to support
development and design optimization.
Contains target biomolecules
to be detected e.g. ions,
proteins, DNA strands,
enzymes, antibodies, etc.

SAMPLE

Converts chemical interactions
into electrical signals

SENSING LAYER

Transistor + electronic
readout + supporting
chip platform

CHIP PLATFORM

Generic sensing platform. The core of our models is the sensing layer,
that can be a metal oxide, biological functionalization, ion-selective
membrane, etc.

METAL CONTACT

CONDUCTIVE
POLYMER

Ion
Flux

SAMPLE

Ionic emitters principle. The voltage at the metal contact produces an ion
flux to the sample, containing the biological entity to be stimulated (e.g.
neurons, cells, etc.).
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Example of ion-sensitive field effect transistor (ISFET)

RESULTS:
In my PhD, we developed a new approach to
account for an arbitrary number of surface
reactions at the sensing layer of ISFETs, by
solving coupled electrochemical problems in
steady state. Further studies on the
binding/unbinding fluctuations later led us to a
new theoretical model of the spectrally resolved
chemical noise. This theory is also able to
generate equivalent circuits to be used in
SPICE or compact models. In parallel, we
worked on steady state models of biosensors
based on polymeric membranes and showed
how to improve sensitivity and cross-sensitivity.
Small modifications to our models then opened
the possibility of modeling ion emitters,
employing membranes or more promising
materials such conductive polymers.

Left: generic model for arbitrary binding of multiple ions on ligands. Right:
threshold voltage shift in ISFET due to pH change; the comparison is
between device model (TCAD), circuit model (Spectre) and experiments
provided in the framework of Convergence project.
Sketch of our chemical
noise model. The approach
is generic and able to
describe the surface
charge fluctuations due to
binding/unbinding
processes using the
master equation or
equivalent circuits.
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A DYNAMICAL SYSTEM APPROACH FOR PATTERN RECOGNITION
AND IMAGE ANALYSIS IN BIOMETRICS AND PHYTOPATHOLOGY
Abstract
The project deals with the development and
experimentation of algorithms based on the dynamical
systems theory for the analysis and processing of
multimedia signals. As a result, a study on unified methods
for image-based biometric security and phytopathology
has been carried out with excellent results, in which the
proposed methods rely on recursive algorithms based on
monotone dynamical systems whose evolution depends
on the input matrix representing the image to be analysed.
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Furthermore, it has been proposed a method to
successfully detect spot-based grape diseases caused
by pathogenic fungi such as black rot, isariopsis leaf
spot, and black measles. The algorithm makes use of a
positive linear dynamical system that, given an input
leaf image, recursively tries to expand the disease if
one of the mentioned pathogens is present.

noise
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+
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The study has been successfully applied to address the
challenging problems in vascular biometrics in very high
security applications. Experimental results demonstrate
that the proposed system is able to recognise a subject
with ease even if the samples are highly affected by noise.
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Results
The results achieved using the proposed unified methods
are very encouraging, equating state-of-the-art techniques
in their respective applications. Furthermore, these
systems have the potential to be used in several different
applications as well.
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DEVELOPMENT OF PARTICLE REINFORCED METAL MATRIX
COMPOSITE MATERIALS FOR SELECTIVE LASER MELTING
APPLICATIONS
Investigation of TiC/MS1 (maraging steel 300) and VC/MS1 composites: bulkpowder preparation, reinforcing contents and
SLM parameter optimization
AIMS:
Todays high performance applications in the
aerospace, rocket and nuclear industry are
striving to get ever-increased material properties.
These advanced materials are precisely tailored
for a specific application. Mechanical alloying
(MA) and selective laser melting (3D printing) are
promising tools to manufacture such advanced
materials. Maraging steel is commonly used in
afore mentioned industries, but its limited wear
resistance and hardness sometimes prevents its
usage. The aim of this thesis work was the
improvement of the material properties of
maraging steel MS1 through reinforcing micron,
sub-micron and nano-particles.

APPLICATIONS:
In traditional manufacturing methods, the usage of
MMCs is limited due to geometrical limitations.
High energy ball milling, a non-equilibrium powder
processing technique, has proven its capabilities
in recent years. Combined with SLM, which is an
additive manufacturing technology, MMCs can be
produced in any desired shape and therefore, the
materials can be used for engineering
applications. Especially dies for the forging
process are often limited to approximately 1500
cycles. Through materials with a higher stress and
wear resistance, their lifetime can be increased.

RESULTS:
It was discovered that the bulk powder processing
significantly influences the results. The common
method of mechanical mixing did not lead to
satisfying results. However, mechanical alloying
was able to embed the carbide composite material
into the MS1 matrix and form coalescences.
Through optimized milling parameters it was
possible to prepare the powder for SLM
processing and to produce specimens to
investigate the mechanical properties of the MMC.
The hardness was increased by 66.97 % for
MS1/TiC and 33.03 % for MS1/VC. Through MA
the particle size distribution was influenced, and
the hard carbides were cracked. Because of the
refinement, the titanium / vanadium carbides
dissolved and precipitated and there were phase
formations of the composite and the matrix
material discovered. These precipitations then
acted as starting points for nucleation and
therefore, a grain refinement was discovered.

Dott. ALESSANDRO PILOTTO
Prof. PIERPAOLO PALESTRI
CORSO DI DOTTORATO DI RICERCA IN:
INGEGNERIA INDUSTRIALE E DELL’INFORMAZIONE
Tel +39 0432 558261
Email : pilotto.alessandro@spes.uniud.it

MODELING AND OPTIMIZATION OF AVALANCHE PHOTODIODES
FOR X-RAY DETECTION
Development of a suite of simulation
tools for the study of the figures of merit
of detectors based on III-V compound
semiconductors heterostructures
AIMS:
Avalanche Photodiodes (APDs) are electronic devices,
employed in synchrotron experiments and optical fiber
communications, that translate a photon flux into a current.
Intrinsic amplification of this current is achieved thanks to
the Impact Ionization mechanism.
The figures of merit of APDs are:
• Dark Current  current when there is no light.
• Photo-generated current.
• Gain  ratio between current at the terminals and
photo-generated current.
• Noise.
• Bandwidth  maximum frequency of operation.
The aim of this work is the development of a set of
simulation tools to study the trade-offs between the figures
of merit at the basis of APDs’ design.

APPLICATIONS:
We focus on the use of APDs for the detection of X-rays.
We want low noise and high gain but also high photon
absorption.
• III-V compound semiconductors achieve good absorption
for X-Rays, but…
• In III-V compound semiconductors it is hard to achieve
low noise, since electrons and holes have similar impact
ionization probabilities.

RESULTS:
Three different simulators have been developed:
1. A finite difference Nonlocal History Dependent II model
(EBHDM-FD), to study staircase APDs at a
macroscopic level and over long time scales (DC
behavior).
2. A Full Band Monte Carlo simulator (FBMC) to study
impact ionization at a microscopic level, suitable for
short devices and short time scales.
3. A Random Path Length (RPL) algorithm, that uses a
macroscopic description of impact ionization, but
describes carriers’ motion in a more accurate fashion.

Representation
of
the model to use
according to the
feature size and time
scale to analyze.

The EBHDM-FD (1)
correctly reproduces
the experiments for
the noise vs. gain
curve of the staitrcase
APD fabricated by the
IOM-CNR (Trieste).
The FBMC (2) correctly reproduces the experiments for
thin APDs in GaAs from the literature [P. Yuan et al, IEEE
T-ED 46(8), 1999].

The solution is presented by Staircase APDs, that are
structures based on heterojunctions between III-V
semiconductors and their alloys with a metal.

Staircase APD fabricated
by the IOM-CNR (Trieste)
in the framework of a
PRIN2015 project coordinated by Uniud.

The impact ionization probability of electrons is enhanced
by the extra kinetic energy that they get when traveling
across a heterojunction.

The RPL (3) provides the
average
current
waveform of a staircase
APD similar to the one
fabricated by the IOMCNR
(Trieste)
when
excited by a single high
energy photon.
It also provides a stochastic set of sample waveforms to
perform statistical analysis.
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STUDY AND ANALYSIS OF DYNAMIC
SYSTEMS IN FOOD SERVICE APPLIANCES
AIM:
In the industry field the control and optimization
of dynamic systems is a fundamental topic.
This project is based on the study, analysis and
implementation of algorithms to control and
estimation of the evolution of hybrid models,
with particular attention to the solution of
possible optimization problems. Depending on
the application, the analysis is conducted using
different techniques of the optimization field or
the hybrid system theory.

Dynamic
Systems
Optimization

Hybrid
systems
Neural
Networks
Bernstein

APPLICATIONS:
The potential field of application is the whole
range of food professional appliances.
Electrolux Professional is a lead in this sector,
and they funded this PhD.
Half of the project is focused on optimization
algorithms for two appliances. We minimize the
energy consumption of an oven and we optimize
the thawing cycle according to the duration of
the process, the uniformity and the safeness.
The second half is oriented to robotic solutions
and artificial intelligence algorithms, two
upcoming topics for the food service.
The aim of all the selected tools is to optimize
and manage the operability of professional
appliances.
Estimate of the maximum
reachable safety region for an
industrial robot arm

1

Traveling salesman problem for
Traveling salsman problem for scheduling
scheduling
a list of cooking
a list of cooking processes
processes
Optimal list that minimize
the energy consumption
1

0

1

1

Estimate of the maximum
reachable safety region

RESULTS:

Convex
hull

tanh

The research is divided in four activities:
1. a greedy scheduling algorithm able to sort a
list of cooking processes in the oven
reducing the energy consumption. The
specific algorithm has been protected by the
patent [1].
2. the
optimization
of
the
physical
characteristic parameters for a multistage
thawing cycle executed with air impingement
technology. We address this problem with
two approaches: with a multi-objective
genetic
algorithm
that
quests
a
thermodynamic model as a black box [2]; by
reformulating it as a reachability problem
over a hybrid system [3].
3. the over-approximation of the trajectory for a
robot arm using the Bernstein coefficients
theory.
4. a sensitivity analysis tool for a Neural
Network
(NN)
using
the
Bernstein
coefficients theory. We over-approximate the
behaviour of a NN by approximating the
activation functions both with rational and
polynomial functions. This work was
presented at VNN20 [4].

tanh

tanh

…

Input domain

Hybrid automaton for the thawing model

…

for each
layer

Output domain
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BIG DATA ENABLING QUIETER AND CLEANER AIR TRANSPORT
The environmental impact of air transport
is quantified through noise and pollution
prediction models, while the flight events
are defined using data from the web
AIMS
The target of this PhD project is to estimate the
environmental impact of present and future air
traffic on airport areas by reconstructing flight
events using multiple web data sources. These
events, once fed into specially implemented
prediction models, enable quantification of
pollutant and noise emissions around the airports.
Satisfying results have already been obtained for
aircraft noise, while the dispersion of pollutants is
currently being studied.

Air
traffic

Prediction
models
Aircraft
noise
Web
data

Pollution

APPLICATIONS

RESULTS

The quantification of the environmental impact of
air traffic in airport areas has always been
hindered by the lack of reliable data on flight
events (departures and arrivals). However, the
use of large amounts of web data from flight
trackers, together with additional databases for
aircraft models and airport runways can solve this
problem. This methodology for calculating aircraft
noise and pollution can be applied quickly and
easily to any airport in the world, thus supporting
aviation policy-makers in their decisions.

The number and characteristics of daily flight
events reconstructed from online resources agree
well with official air traffic datasets. The
reconstruction is excellent in some airports, while
in other cases some differences arise. Historical
ground tracks and noise levels are predicted
reasonably well at a number of large European
airports, while the shape of modelled and official
noise contours are very similar, despite an
underestimation of noise levels by about 2 dB.
When compared to their historical counterparts,
noise levels and contours under future traffic
scenarios provide very reasonable results,
especially thanks to the fleet renewal algorithm.
Future developments will target the distribution of
pollutants around airports with appropriate particle
dispersion models.
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Development of sustainable methodologies for homogeneous
gold catalysis
INTRODUCTION
During the last 20 years, gold has become a powerful tool in the hands of organic chemists.[1] Nucleophilic additions to a carbon-carbon
unsaturated bond (especially alkynes) are typical reactions catalysed by gold. Concerning gold (I) precatalyst of the type L-Au-X, our contribution
in the field of ligand (L) and counterion effects (X) in gold catalysis is prevalently focused on the hydration of alkynes and related alkoxylation.[2][3]
The hydration of alkynes is an important environmentally friendly reaction in organic chemistry that satisfies both the atom economy rule and
carbon efficiency.[4]
We put a first brick in the direction of developing green conditions for this reaction, applying the NHC-Au-X catalyst to the alkoxylation and
hydration of alkynes in neat conditions[5] and in a wide set of green solvents[6] achieving high TON (104) and TOF (103 h-1), very low E-factor[7]
(0.03-0.06) and high EMY[8] (94-97) values.
In this contribution, new Au(III) complexes of the type [(ppy)Au(NHC)X] X (ppy= phenylpyridine; NHC = 1,3-bis(2,6-diisopropylphenyl)imidazol-2ylidene, X- = BF4-, SbF6-, OTf- TFA….) were synthetized and tested as catalysts in the hydration of alkynes. A complete catalytic and kinetic
rationalization led us to develop a methodology under acid-free conditions working at mild (50 °C) temperature in green solvent.

RESULTS:
Catalyst Concentration

Concentration effect

The conversion measured after one hour of
reaction grows up linearly with the amount of
catalyst suggesting a first-rate reaction for what
concern the [(ppy)Au-NHC-OTf]OTf catalyst.
We can assume that only one atom of Au is
involved in RDS.
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SYNTHESIS AND
CHARACTERIZATION

Temperature:

Although the synthesis of the [(ppy)Au-NHC-Cl]Cl [ppy =
phenylpyridine; NHC = 1,3-bis(2,6-di-isopropylphenyl)imidazol-2-ylidene] complex is present in literature, we
developed a new mild pathway with Potassium carbonate in
Acetonitrile to avoid transmetalation with mercury and silver[9]
and oxidative addition/use of microwave.[10]

Activation Energy (Ea) and Activation Enthalpy (ΔH‡) were obtained using the
Arrhenius and the Eyring equations. We obtain a value of Ea of 44 kJ (10.5 kcal)
and a value of ΔH‡ of 41 kJ (9.8 kcal).
The plot is obtained using TOF calculated at 50% of conversion in a range of T
from 40° to 120° C.
Arrhenius plot

Eyring plot

The solution structure of the catalyst was deeply investigate
by NMR measurements to understand the behaviour during
the catalytic cycle. Thanks to the 1H-NOESY (Figure 1) we
were able to identify the most important signals that are
sensible to “X” substitutions (green circles), demetallation of
ppy (red) and decoordination of NHC ligand from gold(III)
(ciano). The analysis of these signals confirm the stability of
the catalysts during the catalytic cycle.
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Substrate concentration:
We have varied alternative the amount of
3-hexyne and water, keeping the final
volume and concentration of catalyst
constant. TOFs remain unchanged
revealing a zero-order reaction rate for
the both substrates.

KIE and Additives:
EXPERIMENTAL PART
A typical catalytic run was performed at 50° C in 400 mL of
g-valerolactone by mixing the alkyne, 1.1 equivalent of H2O
in the presence of 1% of [(ppy)-Au-NHC-Cl]Cl with two
equivalents of the corresponding silver salt.
The progress of the reaction was monitored by NMR
spectroscopy. To evaluate the catalytic activity in different
conditions, the TOF value [TOF (h-1) = (number of mole of
product) / mole of catalyst) / time elapsed] was calculated for
each run.

Conversions and TOFs are irrespective of the use of D2O instead of H2O (KIE
close to one) and addiction of HOTf (“no-active” role of H+), indicating that in the
RDS of the catalytic cycle the proton transfer is not involved, as observed for the
gold(I) catalysed hydration of alkynes. Also, these experiments confirm the stability
of the catalyst in acid conditions (no decoordination of ppy and NHC from gold).
Conv. (%)

TOF (h-1) at 24h

reference

OTf

94

15

KIE

D2 O

93

12

HOTf 5%

96

12

additives
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CONCLUSION:
•
•
•
•

Acid Free
Mild temperature
Low catalyst loading
Gold(III) complex stability during the
catalysis
• Reusable
• Utilization of green condition and solvent

