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RESEARCH ACTIVITIES

ssb 09-B2 (INGN-IND/17)  Industrial Systems Engineering

Operations management: Logistics and
-Design of industrial systems Risk Management design, control, &~
o N Supply Chain Management
monitoring, optimization

Environmental and Quality
Management

. Life Cycle
saitey, - Rl Assessment and Management
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RESEARCH ACTIVITIES

Current researches

Rating model for Health and Safety (Confindustria, INAIL, Dip. DICMA)
Spare parts management for complex systems (Dip. MEMOTEF)
Quality monitoring for airport ground handlers (ADR handlers)

Industry 4.0 (Cicero HuB, Microsoft Italia, Cassa Depositi e Prestiti,
Confindustria)

Resilience Engineering for complex systems: Safety-ll and Functional
Resonance Analysis Method in Industrial Plants, Environmental Risks, Air
Traffic Management, Aviation, Maritime operations, Space missions,
Railway, Healthcare (ANACNA, Lund University, Danish Maritime Accident
Investigation Board, Umberto |, Duke NUS Singapore)

Supply Chain rating model (University of Parma, University of Bologna,
University of Florence, University of Bergamo, Marche Polytechnic
University)
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LABS AND INFRASTRUCTURE

Licenced software

- System simulation software Maintenance and Reliability

* Witness * Relex

e Simul8 Multicriteria Analysis

* Palisade DTS » Super Decision Software
- Life Cycle Analysis Neural Networks

e SimaPro * NeuroSolution
- Organization survey system

* Quaesitum

- Statistics and data analytics
e SPSS
* R
*  Microsoft Power Bl

Proprietary software

- Safety Cube toolset: risk simulator and visualizer

- myFRAM: FRAM model builder and analyser

- MP quality manager: multidimensional analysis tool for quality assessment
ING-IND/17



INDUSTRY UNIVERSITY COLLABORATIONS

Development and distribution of Governance, Risk and
Compliance (GRC) Platform YouComply® and CRisk®
Development and distribution of whistleblowing IT
platform

WBConfidential®

Development of the opendata web platform
OpenSafety®

Consulting projects for GRC management

Consulting projects for processes improvement
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FUNDING AND PARTNERS

- Research projects
Commissione Europea, Lazio Innova, Ministero del Lavoro e delle
Politiche Sociali, Ministero dello Sviluppo Economico, Ministero
dell’lstruzione, dell’Universita e della Ricerca, CNR, ISPESL, INAIL

- Research contracts

Public entities: ASL di Siena, ASL di Lecce, Banca d’ltalia, Camera
di Commercio di Arezzo, CNIM, Comune di Apiro, Comune di
Colleferro, Provincia di Roma

Private companies: Aeroporti di Roma, AGIC Consulting srl, ARC,
Anas Spa, ATAC spa, Autodromo di Vallelunga, Consulta Spa,
ENAV, ISED, ITALFERR, SEI-ENEL Real Estate, NOVA Consulting srl,
Simav Spa

ING-IND/17



FUNDING AND PARTNERS

Project and research collaborations

g\ Danish Maritime

Accident Investigation Board
W INQIL
i~ CONFINDUSTRIA

UNIVERSITA
DEGLI STUDI

FIRENZE

ANACNA

KEOCIAZIONE NRZIONMLE KSISTENTI E CONIROLLOR! NRIGAZIONE REREA

ING-IND/17
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Resilience
Engineering

&

Risk Management

Industry 4.0

Supply Chain
Management

Safety and
Maintenance

RESEARCH TARGET AND STRATEGIES

Became Excellence Center for RE

- Organization of FRAMily Event 2017 in Rome

- Strengthen and extend the international partnerships
- Patent new tools for RE

- Apply for H2020 calls

Be recognized as Reference Center for central Italy for the
Industry 4.0

- Join Clusters, Hubs and dedicated networks

- Update the literature state of the art

- specific ontology and implementing framework

Be recognized as Reference Center for supply chain
assessment and rating

Be recognized as Reference Center for methodologies and
technigues for advanced maintenance and predictive safety

ING-IND/17



Recent project: RESILIENCE ENGINEERING

Environmental risks in a sinter plant



Recent project: RESILIENCE ENGINEERING

Runway Incursion for the Air Traffic Management system

in collaboration with:

ANACNA

RBOCIAZIONE NRZIONRLE RBISTENTI E CONIROLLORI NRVIGAZIONE REREA




Recent project: RESILIENCE ENGINEERING

MARITIME Mooring of a ship

in collaboration with:

g Danish Maritime

Accident Investigation Board




Recent project: RESILIENCE ENGINEERING

SPEED SETTING ina DC9

in collaboration with:




Recent project: RESILIENCE ENGINEERING

Administering drugs in neuro-anesthesiology

in collaboration with:



Recent project: RESILIENCE ENGINEERING

Accident analysis in the railway domain




Recent project: RISK MANAGEMENT

Risk Analysis in railways considering topographic and traveling characteristics

Nuovo Trasporto Viaggiatori

Risk assessment model to integrate FTA

Insignificante Marginale Critico Catastrofico

analysis with a scenario simulation of the

(o0 equivalente)

(o equivalente)

M M M Probabile ch da fi t te. L
operational conditions R it PO BN ) } )

continuamente

. |Accadra parecchie volte. Ci si pud aspettare che la
Probabile | . R R i A 0,010000 X X X X
situazione pericolosa si presenti spesso.

Probabile che accada parecchie volte. Ci si pud

Collisione tra due s [Occasionalelaspettare che la situazione pericolosa si presenti | 0,002000) X X X X
treni :'E‘I parecchie volte
EP1 2 Probabile che accada qualche volta nella vita del
a Remoto |sistema. Ci si pud ragionevolmente aspettare 0,000100] Tollerabile X X X
che la situazione pericolosa si presenti
Improbabile che accada ma possibile. Si puo
mprobabil imere che la situazione pericolosa possa 0,000010 Trascurabile Tollerabile Tollerabile X
[ | |presentarsi eccezionalmente.
Indebita Impegno della sezione Probabllith che | Estremamente improbabile che accada. Si pud
di blocco occupata nella sezione ¢ imil imere che la situazione pericolosa possa 0,000001| Trascurabile Trascurabile Trascurabile Tollerabile
] non presentarsi.
| Topografici
Urto per allungamento Urta per SPAD Ponti (> 500 Attraversa Vicinanzaa Vicinanza
spazio di frenatura TRATTA Gallerie (> . R impianti
52 £ . PL metri) e mento centri L.
1000 metri) . ) L .. chimici/elet
Viadotti stazioni abitati .
trici/etc
Trasf. pag. 3 TR1 Torino-Milano AV 0 0 1 0 0 0
TR2 Torino-Milano Tr 0 1 1 1 1 1
Mancata azione Mancato rispetto della TR3 MiIano-BoIogna AV 0 0 1 0 0 1
correttiva ETCS/SCMT curva di frenatura )
3 @ TR4 Milano-Bologna Tr 0 1 1 1 1 1
TR5 Bologna-Firenze AV 1 0 0 0 0 0
TR6 Bologna-Firenze Tr 1 1 1 1 1 0
| | | TR7 Firenze-Roma Dir 1 1 1 0 1 0
Errore Inserimento ETCS/SCMT Mancata Intervento Antipattinante convoglio Errata frenatura TR8 Firenze-Roma Lenta 1 1 1 1 1 0
dati nell'ETCS/SCMT indisponibile del PdC indisponibile )
O = = == G0 TR9 Roma-Napoli AV 1 0 1 0 0 1
TR10 Roma-Napoli Formia 1 1 0 1 1 0
TR11 Roma-Napoli Cassino 1 1 0 1 1 0
TR12 Napoli-Salerno AV 1 0 1 0 1 0
PdC nonrileva | [ PdCimposta PAC non rileva Ia | [PdC non rispetta | | Antipattinante |[ Pdc non effettua | [Guaste tecnice froredelrd  TR13 Napoli-Salerno Tr 1 1 1 1 1 1
dati cirrettl dati s:‘aghah presc:ﬂane la pres:iziune guj:(n mmmllc:-spusiuvn _ _ TR14 Bologna—Venezia 0 1 1 1 1 1
TR15 Napoli-Nola 0 1 0 1 1 0



Recent project: RISK MANAGEMENT

Risk assessment for air traffic management

Measurement systems based on AHP/ANP to
evaluate Safety performances of ATM and
address risk assessment on organizational and
technical changes
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Recent project: RISK MANAGEMENT

Accident prevention: before, during and after maintenance

1) Risk Identification
(multi-level analysis):

« Maintenance policies (before)

« Maintenance operation (during)

« Maintenance errors (after)

2) Risk Analysis: R=Se x (Pr + Fr + Av)
Risk Scoring Method

I Negligible Rare Possible Likely Very likely
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Index 1 2 I3 4 5 I6 17 a ;
Cleaning machine £ avi?j;'gle Avoidable Inevitable
Inadequate strategy 1 0 003 0 077 058 44% g \ ) |
Maintenance operation 7 4 054 030 123 092 29% g | | | | |
Operational errors 0 0 0 0 099 046 27% s | | | | }
I I I I I
Cream s I I I I I
eparator L ] >
Inadequate strategy 5 0 016 0 092 069 45%
. Maintenance operation 7 4 058 034 125 094 23% Av
3) RISk Treatment: Operational errors 4 0 015 0 080 060 32%
Pasteurizer Training about safety risks
Inadequate strategy 14 0 040 O 7 0,72 49% .
Maintenance operation 11 2 078 0,14 099 25% of maintenance tasks
Operational exrrors 9 0 045 0 088 066 26%
Tot. Area
Inadequate strategy 20 0 020 0 089 067 47%

Maintenance operation 25 10 064 026 126 095 25%
Operational errors 13 0 0,9 0 087 057 28%




Recent project: MAINTENANCE

Tele-Maintenance and predictive
Safety Intelligent System

Prototype of a “Smart” remote-
controlled geographical system for
maintenance management and
integrated predictive safety

The research integrates:

. a Plant Result Management Model

. a Tele-maintenance Intelligent
System to forecast performance levels
and schedule operations

. a predictive Safety approach
integrated in the productive systems



Recent project: MAINTENANCE

Tele-Maintenance and predictive

Safety Intelligent System All the data detected on the plants are
regularly transmitted to the remote control

center and recorded on the individual plant
identification file in order to update the
general plant database and for subsequent
processing.

The Ka and Ks output values of
each plant, resulting from the
processing of the neural network,
together with the data of the
other monitored parameters,
permit the implementation of an
intelligent and integrated plant
maintenance and safety system.



Recent project: EVALBATT

The real time evaluation of the level of battery
charge and the reliability of batteries is of capital
importance in many applications: hybrid and
electrical means of transportation, hybrid and
electrical submarines, bio-medical systems, military
equipments, airplanes.

As a matter of fact, the level of charge and the
reliability of the electrochemical accumulators is a
function of several variables not easily controllable.

Evalbatt is an innovative system used to evaluate the
residual charge capacity in electrical batteries and the
probability of failures, critical for lithium batteries.
Evalbatt solves some basic problems: the opportunity
to get the residual range with low error (less then 20%)
and the trouble to make successful evaluations “on
line”, during the operation of the battery.

Major benefits will be therefore the better utilization
of the batteries, the reduction of the loads and the
predictability of stops and accidents.



Recent project: INNOVATION IN EDUCATION

Course Goal 1: Introduce a sys- Course Goal 2: Provide an op- Course Goal 3: Encourage stu-
tematic view of how engineering portunity for students to engage in dents to compare and contrast Course Goal 4: Expose students
and public health are applied in intercultural and interprofessional linhyand the Onusd States wifh to the historic and cultural beauty
: respect to educational sy stems, 2
the service sector . collaboration . cultures, and life styles . of Rome.
Systems Perspective Healthcare Systems Process Flow Analysis Rellabll]:?a::geli\ﬁ:::!euance Public Health

(a) Students will be able to (a) Students will be able to (a) Students will be able to (a) Students will be familiar (2) Students will be able to
identify an engineered sys- identify the core elements identify common flow with basic terms related to identify the role that public
tem. of a healthcare system. structures. reliability analyses health plays in supporting

: : : : : healthy communities .

(b) Students will be able to (b) Students will be able to (b) Students will be able to (b) Students will be able to ©® IEI
describe the inputs, out- describe similarities and map the process flow of a identify at least one com- (®) Students will be able to
puts, requirements, and differences between the system. mon maintenance manage- articulate the relationship
functions of an example healthcare systems in the ment strategy. between engineering and
system. US and Italy. @ @ public health.

OOl || ©OEE] , O[]
(c) Students will be able to ’
describe the unique issues (c) Students will be able to

identify public health is-

Teaching/Learming associated with maintain-
Activities ing historic structures. sues and approaches in

engineered systems from

L: Lecture both current and historical
A: Team Active Learning

= P Rome.
D: Classroom Discussion
T: Industry/Cultural Tours @ @ EI
D Assessments:
R: Reflections
P: Team Project

Faculty from Purdue University (School of Industrial
Engineering) and Sapienza Universita di Roma collaborated to
design a course focused on engineering and public health in
the service sector, in Rome. More specifically, the intersection
of topics including systems, reliability, process flow,
maintenance management, and public health are examined
through case studies, field experiences, and assessments.
Engineering students from both Universities participate in the
program while the Purdue students are in Rome.




Recent project: SUPPLY CHAIN MANAGEMENT

Supply chain disruption

Simulation of ordering policies based on _ : _ —
. . . . . Bullwip effect values for different ordering conditions
decentralized information sharing to increase 20 e — e
..... (I N NI SV SO SR SR Lo oot
resilience and decrease bullwhip effect. 512 ..... R N N N TN« A PR
9 14 4----- e s bomne-
LIEPI S— RS SRR SRR SR S, YT Tee
Yio doeeee Loman- Locann bocca- bocene Ny 48> A " =¥ TOC4
X (t X () = x (), s T A i
Echelon | Echelon Echelon P S FR— rR— r— Ll e R—
AR T 1O N O ST U3 T R U N —— T
0 —_—
] ('t) . O’ |f X(t)SX(t_l) Retailer Wholesaler  Distributor Factory
Ji yi_l(t)+ai(x(t)—x(t—l)), if x(t)>x(t-1) Supply chain partner

Inventory behavior under the ordering condition TOC1

Overall bullwip effect for different ordering conditions

—u#— Retailer Inventory

—+— Wholesaler Inventory

AT T Tt T T T T T

—e— Distributor Inventory

—a— Factory Inventory
TOC1 TOC2 TOC3 TOC4 -30

Ordering condition
1 35 7 9111315171921232527293133353739414345474951

Time Periods




Recent project: SUPPLY CHAIN MANAGEMENT

Supply chain for secondary raw materials

European project to close at a local level the supply chain of secondary raw materials
(SRM):

. Mapping of local productions and opportunities

. ldentification of origin / demand of SRM

.« Analysis of production cycle and technical solutions

. Investment analysis for SRM



Recent project: SUPPLY CHAIN MANAGEMENT

Ecological Profile of supply chains Innovative methodology to assess the capability of
the environmental improvement, considering

— Steel parts — Stesl cuts = Steel (wholesale) — Steel industry .
regulatory and voluntary requirements.
: Zinc-plated steel :
= Zinc-plated parts f= "'(lf\ olml:)ee = Stesl industry
. 80.000 74.951
— Plastic parts p={ Plastic parts (granular) =1 Petrochemical industry (Propylene and ethylens) .
70.000
63.077 B Edition 2005
o 60.000 .-,
= EPDM parts =1 EPDM (granular) | Petrochemical industry Edition 2010
50.000 e ——
. Statoric pack = Silica and iron industry 40.000
30.000
drauli ; || Petrochemical industry 20.000
| Hydolicparts |y Plastic parts granular) (Propylene, ethylens) 11398 10.980
10.000
303 279 1028 1.028 5
- Copper parts = Copperindustry 07 1052
& X
'Jd::) -10.000 Materials reduction Production Distribution Use End of life
% =] Electric engine Brass (wholesale) =4 Brass industry
3 - - Clamps
= Petrochemical industry
A Resin =  (Xylene, benzene,
.,Q- ethylene.propyiene)
Metals and minerals industry
[ Permanentmagnet |- (Neodymium oxides, iron, boron)
s Shaft - Steel rods - Steel industry
. Wire rods = Copper cathods = Copper industry
= Electric cables H
4 Petrochemical industry (Propylene and ethylene)
=4 Other electric parts = Brass, copper, steel, petrochemical, ceramic and other metals industry
— Racks = Stesl wire (producer) | Steel (wholesale) - Steel industry
Sound insulation _
ioatarials = EPDM (granular) = Petrochemical industry




Recent project: LOGISTICS

Logistics processes reengineering for
cost reduction

Logistics reengineering through the application of
Lean Six Sigma methodology

Scoring Wharehousing

Section  Subsection Title Weight Section  Weight Subsection Score

Company information
2 Proposed solution 15%
a Warehouse location 25%
b Logistical assets 25%
c Value Added Logistis services (VAL) 20%
d Reliability 30%
3 Costs 50%
a WH Shuttle 10%
b WH Handling 35%
c WH Storage 40%
d Administration services 10%
e Value Added Logistis services (VAL) 5%
4 Experience 10%
a Oil products 40%
b Packaging type 40%
c On site management 20%
5 QSHE 10%
6 IT 15%
a Manage ment and monitoring 50%
b Interface 50%
Total score 0]

Integrated logistics model for e-business
of Made in Italy SMEs

Simulation model of logistics performances in

complex markets:

. multi-product, multi-brand, multi-sources
offers

. distributions and reverse logistics

. contemporary MTS and MTO policies

. national sourcing and global delivery



Recent project: SPARE PARTS MANAGEMENT FOR COMPLEX SYSTEMS
Performance Based Contract for civil aviation



Recent project: PERFORMANCE MANAGEMENT

Rating of network contracts

Company qualitative rating
Company qualitative rating
Company qualitative rating
Company qualitative rating

Company
Industry Company Bttty supply chain

W characteristics positioning management attitude
NV CONFINDUSTRIA

Q Weights
modifiy time

ciazione P H alitd i i
Associazione Premio Qualita Italia passing

QUALITY RATING
OF THE COMPANIES OF THE NETWORK

GOVERNANCE OF THE

NETWORK CONTRACT >

RATING LEVEL
OF THE NETWORK CONTRACT

-

Definition of a Basilea 3 qualitative model of performance assessment to integrate bank
Default Risk models. The dynamic rating evaluates extended enterprise governance and
supply chain attitude of firms towards a “network contract”, combining EFQM and SCOR
principles.



