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Abstract: The possibility to develop reliability analyses and simulations for the logistics of warehouses for industrial
companies resulted in an increase of their safety and reliability since the development of such process. The applicability
of the failure mode and effects analysis (FMEA) has been taught for many years to the students of the Italian universities
in order to prepare the future engineers to face, in the most efficient ways, the problems in the industrial field. The
university of Genoa has contributed to future studies by developing a new software called TARAS, specifically dedicated
to the failure analysis of mechanical systems and complex plants. This software has been designed to model the operation
of a complex system aiming at determining the integral parameters for availability, reliability, and failure probability.
The logistic planning is meanwhile taught during both bachelor’s and master’s courses of mechanical engineering. The
knowledge acquired on simulation software is part of the essential competences that industrial engineers should acquire
nowadays. In the past years, simulation software have been taught and actively applied to several case scenarios, making
the students of our university and of foreign partner’s universities aware of the various application of these technologies.
When describing the case regarding the teaching of TARAS, this has been proposed also to the bachelor’s students of
the environmental safety department of Bauman Moscow State Technical University during the yearly seminar on
Environmental Monitoring and Industrial Safety. With this study we want to show the efficiency of such software for

industrial applications and how these can be effectively taught to students.
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1. INTRODUCTION

It is extremely important nowadays to employ the available
technology in the industrial field to predict certain factors,
such as costs, availability, and maintenance time. The
possibility of employing simulation tools for failure
analysis is a particularly important opportunity on which
industries rely on.

The department of mechanical engineering of the
university of Genoa decided to contribute to future risk
analyses with its own software for failure analysis,
TARAS. A detailed description of the software will be
given in this article. The reliability of this software has been
consolidated during the years by many studies and test
cases (1,4, 9, 10).

Other software used by the University of Genoa to
introduce modelling and simulation to the engineering
students have been Anylogic and Anylogistix. The
Anylogic company developed two simulation software
extremely useful in many industries, among which supply
chain design, risk assessment, picking optimization and
logistics planning. The efficacy of the software is proven
by the many companies that decided to entrust Anylogic for
the reliability assessment. For our study is particular
relevant the presence of many case studies on the
employment of Anylogic and Anylogistix for industrial
purposes (5-8).

These software have been shown to the students of
mechanical engineering of the university of Genoa. For the
case of TARAS only, the professors of our department
presented the software to the bachelor’s students of the
Bauman Moscow State Technical University. For the
students of the industrial safety department, the seminars of
Industrial Monitoring resulted in being as much interesting
and captivating as for the Italian students. The feedback
received from all the students is appreciated and gives us
solid ground to consider TARAS as a value for future
industrial engineers. During the first semester of the
academic year 2021/2022, the department of mechanical
engineering of the university of Genoa approved the
teaching of the simulation software Anylogic implemented
with Autostore for logistic planning.

To all the courses where the application of these simulation
software were proposed (principles of production and
industrial safety engineering, industrial plants for energy,
supply chain resiliency and manutenzione e sicurezza degli
impianti industriali), the students of mechanical
engineering, management engineering and safety
engineering responded well to a dynamic teaching. A
proactive attitude, particular attention during the lessons
and the modification of a proposed simulation as final
assignment, gave us the necessary feedback to consider the



XXVII Summer School “Francesco Turco” — «Unconventional Plants»

learning of how to simulate and work with an autonomous
environment successfully.

Not always engineering students receive a proper and clear
education on how to develop FMEA and FMECA
processes and how to prepare valid models for simulation.
Given the positive results with both Italian and
international students, with this article we want to describe
these two understandable approaches for failure analysis
and logistic planning, the reliability of such methods and
their potential for industrial applications.

The structure of the article is the following: a literature
review of the software used by the university of Genoa; the
presentation of examples and practical applications that
were done during the courses of industrial and mechanical
engineering; and the personal opinions of the full
professors and associate professors involved in these
lectures.

LITERATURE REVIEW

Failure analysis is a very relevant step in the safety analysis
of industrial plants, especially when critical elements are
employed, and plant managers need to keep under control
the evolution of the single elements. The processes and the
devices that can be found within an industrial plant, can
then be analysed with FMEA and FMECA methodologies,
allowing operators to have concrete ideas on what is the
reliability of the elements under study. At the University of
Genoa, it is extremely important that students would know
which tools they can use and which can be learnt to develop
FMEA and FMECA analyses, for basic studies to more
complex ones.
TARAS has been developed as a Montecarlo simulator
where each component contains within itself other
elements [1, 2, 3, 4]. The complexity and amount of these
so-called “sub-components” is given by the degree of
complexity desired for the analysis. The software is
programmed to define two types of entities which will
define the degree of precision:
e  Physical nodes;
e Logical nodes.
The first ones are used to define the self-standing
components which are characterised by a failure rate A i,
and the second ones are used when the failure rate depends
on the failure rate of the sub-components. The software
works with the definition of status wvariables (S i)
indicating the status of a component, 1 if available or 0 if
unavailable. The process comprehends the comparison
with the failure rate of each component with an associated
random number, extracted from a range between 0 and 1. If
the failure rate results bigger than the random number, then
the components is considered unavailable. The process
with which TARAS work is by time steps, which can be
translated in one hour of operation each. The algorithm
works in the following way:
e Analysis of each node, from the root to all the
branches, of the operational tree;
e Calculate a value of the components equivalent
time;
e Proceed with the next time step and repeat the
process.

These steps allow the localisation of eventual failures of
components, which, in the worst case, would propagate
along the tree, determining the failure of the whole system,
the so-called “top event”.

The input needed by TARAS are

e the set of parameters characterising the
failure/maintenance features of each component;

e their failure rates, which can be time dependent
values, mathematical formulas, or constant
values;

e the possible failure modes of each component,
identified by a value B (between 0 and 1 and where
the sum of every B referred to every component
has to be 1) and characterised by one mean time
to repair (MTTR) for each component;

e and the scheduled maintenance.

Other software widely used for failure analysis are
AnyLogic and AnyLogistix. These multi-agent modelling
and simulation software combine the three paradigms of
simulation: agent-based modelling, system dynamics
modelling and discrete event modelling. These software
work by steps:

e creation of an agent;

e definition of the state changes;

e cstablishing the links between the agents

Because we do not have only a single basic element (the
agent), multi-agent simulation models allow to simulate the
behaviour and interaction between these elements (5-8). It
is possible to draw the state diagrams for each agent,
allowing to track the failure source and locating the fault
which can be used for a great variety of areas, from
pharmaceutical to education and from energy systems to
the industrial field.

PRACTICAL APPLICATIONS

The examples that we are bringing to the attention of the
readers are three practical applications proposed by the
lecturers of the mechanical engineering department of the
University of Genoa

A. TARAS

The exercise lectures regarding the teaching of TARAS are
organised in teaching the principles on how FMEA and
FMECA analysis work. TARAS allows to model the
system using a hierarchy of components, assemblies and
sub-assemblies expressed by an operational tree, whose
root is represented by the system itself and whose leaves
are represented by the elementary components. The
operational tree is intended as the scheme of the logical
interconnections, existing among the different components,
on which the system correct operation depends. The
proposed example regards the development of a system
defined by an industrial plant where combustion vapors of
CHy are turned into liquid phase by cooling under pressure

(fig. 1).
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Fig. 1. Scheme of the TARAS exercise.

From this picture, the students are guided to define the
operational tree of the system after defining the conditions
which are needed for the condenser to be supplied from
above by a smart control centre (SCC) which analyses the
level of fluid within the condenser by the measuring system
LC and keeps this value constant by the control valve VC.
The cooling is guaranteed by the two identical refrigeration
machines which work in parallel thanks to the pump P1 and
the control centre SCA. The SCA analyses the temperature
of the condensed vapour through the TA meter and
regulates the quantity of cooling fluid which is divided
between the two refrigeration machines. This is done to
ensure that, in case of failure of one of the two machines,
the other one can guarantee the cooling of the condenser.
We then have a safety vent valve VSI1 applied to the
condenser to lower the eventual too high pressure. The
optimal operation tree that the students are guided to build
is represented in Figure 2.
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Fig. 2. Operational tree of the TARAS exercise

The students are in this way helped understanding the
difference between physical and logical nodes, in this case
the pump component and the internals part of the pump (the
motor, the shaft, the bearings and the rotor). In case of a
more complex system, it would be possible to establish
redundancy relations. These can be set for the logical nodes
through a k/n parameter, where k represents the number of
sub-components that need to be working over the n total
number of sub-components for an optimal functioning.
After the definition of the failure rates, the failure modes
and the scheduled maintenance, w attribute them at each
level of the operational tree.

Among the elements that we can see in the operational tree,
th storage component appears that was not in the proposed
scheme in Figure 1. This component contains a feeder and
a reservoir, which are in charge of feeding the line and of
the delay of the line itself.

The graphical user interface (GUI) of TARAS was
designed to be user friendly. After the definition of a new
scenario, we need to define each component that is in the
system with all the characteristics that we mentioned before
(Figure 3).
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Fig. 3. Component characteristics.

At this point it is possible to run the simulation and obtain
the result of the simulation for how many time steps are
necessary.

B. AnyLogic

The exercise with AnyLogic proposed to the students of
principles of production and industrial safety engineering
and industrial plants for energy is structured with the
learning and explanation about the real applications of this
software, followed by a guided exercise that the students
have to understand, implement and explain during the final
exam part. To the students is explained the importance of
the quantitative decision-making process. The relevance of
knowing how to develop and present a simulation is since
the beginning of the course explained: the importance of
3D representations, the clarity of the production line, the
total throughput per day and the equipment employed.
Because simulation is a tool used to study a model
representing the real world (or at least that part of the real
world that is under examination), the first thing that
students should understand is the type of simulation which
will be necessary: if a discrete event simulation (DES),
system dynamics (SD) or an agent-based modelling
(ABM). The students understand the importance of
evaluating different scenarios of the same simulation (or
better, with the same “core logic”). By running multiple
simulations at the same time keeping the core logic intact,
the students are able to evaluate how the key performance
indexes (KPI) change. Within the framework of the
industry 4.0, the students are asked to understand and
implement a simulation model with AutoStore™ to create
a full automated warehouse. What we want the students to
achieve is to understand the relevance of the application of
these type of studies. In this case we would have a storage
unit which would have a storage capacity equal to four
times more for the same storage facility but not automated.
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With the tools that the university is given, the students will
be able to define the model, properly designing the system
for future presentations and understanding how the
components work (Figure 4).
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Fig. 4. Design for the AnyLogic assignement

At the end of the course, the students are introduced to other
real applications previously developed by our department,
starting from the study of virtual reality employed in
industrial systems (quote glasses article) going to biggr
projects regarding the new terminal San Giorgio of the port
of Genoa (quote our article).

CONCLUSIONS

This article was proposed to be a review of the didactics
employed at the University of Genoa for the teaching of
simulation and modelling procedures to the students of
mechanical engineering, management engineering and
safety engineering. The software taught and explained have
been:

e TARAS, a software developed by the department
of mechanical, energeticc management and
transport engineering for FMEA and FMECA
analyssi

e Anylogic and Anylogistix, multimethod
simulation and modelling software developed by
the Anylogic company.

With practical applications, proposed examples and final
evaluations through assignments, the students acquired and
consolidated the knowledge regarding simulation and
modelling software and how the real world can be
represented. To these lectures, also the lecturers were able
to keep the classes motivated and focused with examples
and practical applications, showing how these course may
already be effective to properly form the future generations
of engineers.

REFERENCES

1. E. Briano, C. Caballini, P. Giribone, R. Revetria, Two
methodologies to support gas turbine power plant availability
estimation: design of experiment and Montecarlo simulation,
2010WSEAS Transactions of Systems 9 (9), 2010, 1109-2777

2. L. Cassettari, R. Mosca, R. Revetria (2012) Monte Carlo
Simulation Models Evolving in Replicated Runs: A
Methodology to Choose the Optimal Experimental Sample
Size, Mathematical Problems in Engineering, 2012

3. A.G. Bruzzone, R. Revetria, E. Briano Design of Experiment
and Monte Carlo Simulation as Support for Gas Turbine Power
Plant Availability Estimation, Proc. 22nd ITASTED

10.

International Conference of Modelling, Identification and
Control, 2003, Innsbruck

Damiani L., Giribone P., Revetria R., Testa A., An innovative
model for supporting FMEA/FMECA analysis on complex
coal fired power plants, Proceedings of the IASTED
International Conference on Modelling, Identification and
Control, 2014.

Stennikov V, Mayorov G. Research of a multiagent model of
an integrated energy system developed in the AnyLogic
software environment. E3S Web of Conferences: ENERGY-
21 — Sustainable Development & Smart Management
2020;209:03024. 10.1051/e3sconf/202020903024.
Borshchev, A. V., Karpov, Yu. G., Kharitonov, V. A., 2002,
“Distributed simulation of hybrid systems with AnyLogic and
HLA”. Future Generation Computer Systems. 18(6): 829-839
Borshchev, A., 2013, “The Big Book of Simulation Modelling:
Multimethod Modelling with AnyLogic 6”. AnyLogic North
America. ISBN: 978-0- 9895731-7-7.

Gallab, M., Bouloiz, H., Chater, Y., Tkiouat, M., 2016,
“Towards a simulation Model to ensure the Availability of
Machines in Maintenance Activities”, International Journal of
Computer, Electrical, Automation, Control and Information
Engineering, Vol. 10, N°7, 2016.

Briano E., et.al. Design of experiment and Monte Carlo
simulation as support for gas turbine power plant availabilty
estimation. In: Proceedings of the 12th WSEAS international
conference on AUTOMATIC CONTROL, MODELLING &
SIMULATION. Conference proceedings. World Scientific
and Engineering Academy and Society (WSEAS) Stevens
Point, Wisconsin, USA. 2010: 223-230

Damiani, L., Giribone, P., Bartoli, R., & Revetria, R. (2018,
July). A FMECA-Based Analysis of the Plant Controlling
Variable Pitch Propeller (VPP) System for Ships Propulsion.
In The World Congress on Engineering (pp. 127-140).



XXVII Summer School “Francesco Turco” — «Unconventional Plants»

AUTHOR COMMENTS:

~  The Literature Review section could
benefit from adding a couple paragraphs
about FMEA and FMECA, how they are
often taught in schools and more
innovative approaches that leverage on
technology, such as AnylLogic, AnyLogistix,
and the one presented in the paper.

Page 2 Section “Practical
Applications”. Starting the section with an
introduction to the 3 practical applications
as well as the software used would be
very useful to understand the connection,
if any, between these 3 applications

Have you considered the pedagogical
implications of implementing these
practical applications? In terms of
teaching methods, learning methods,
learning space, etc. Perhaps this could be
achieved by dividing each subjection
within “Practical Applications” into
learning activities, expected learning
outcomes, and learning assessment.

The article mentions the
effectiveness of the use of practical
applications in class. It would be
interesting to expand on what is meant by
“effectiveness” and what makes these
applications to be “better” than traditional
lectures.



