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Abstract—This paper explores how the safety engineering
practices applied to the aircraft design can be edictively
associated to the MBSE. Requirements and proceduresf the
ARP4754/ED-79 and ARP4761 were considered. As an exgle
the fuel system of a civil aircraft was used. Somiey issues were
found relevant, whilst modeling the system throughthe MBSE
tools. The management of both the functional and dfisnctional
analysis, leading to the Functional Hazard Analysig¢FHA) of the
whole aircraft, within the same modeling environmehwas tested.
The elicitation of safety requirements with a directlink to the
FTA and FMEA used to quantify the risk of failure was
performed. The software tools which can be interopeted for
those tasks were tested. As a result, the integrati between the
two above mentioned analyses looks fairly easy. fiact, further
efforts are required to make fully interoperable the tools
currently available to perform this activity and to include the
human interaction with the analyzed system.

Keywords—Model Based Systems Engineering,

Design, Numerical methods, Functional Analysis, Rignalysis,
System reliability and safety.

. INTRODUCTION

A main goal of the Model Based Systems Engineering II.

(MBSE) is the safety assurance in critical systeis. be
assumed as a main reference for the design, theBMi&®ds
to be fully integrated with the tools of the Safetygineering.
Aeronadutics is a typical application of safety icat systems
with an increasing complexity, associated to thenlper of
subsystems connected, of functions exploited aridteffaces
[1]. A bright integration among subsystems and comemts is
strictly required to assure a suitable level ofesafand to
comply with the homologation of the aircraft prot{&]. It is
known that the high level of complexity generallyight
increase the risk of failure, without a suitableyantion and a
careful reliability assessment. Those motivatioad to the

slightly different implementations, depending on e th
manufacturer [5] or even upon the technical donf@inClear
statements about functions, interfaces, hierarchyamtrol
functions and safety based trade—off of the progpdagouts
are needed. As it looks evident the Systems Engimgeean
greatly support that activity as it is discussedhis paper. In
particular, the aim is that of assessing a proaetiumperform
the safety analysis of the system, through thestadl the
MBSE [7,8], suitable for homologation according toe
standards of civil aircrafts [2]. The developmertft this

analysis basically deals with an integration betwte usual
functional analysis performed in SE and the dystional

analysis used in safety engineering to quantify @megent the
risk of failure [10]. As an example the fuel systeima civil

aircraft with two engines for 90 passengers equppith an
Auxiliary Power Unit (APU) will be described. Asig known
the fuel system is required to be highly reliakie,suitably

Machine perform in all of operating conditions foreseentbg aircraft

design [11,12,13]. In addition its configuration shiit some
requirements about the weight, cost and performaince
service, as well as those of maintainability andilability.

SAFETY ANALYSIS AND DESIGN

The aim of safety analysis in design is that ofirde§
suitable requirements to be fitted to comply whike heeds of
conformity to the manufacturer’s practice, techhigtandards
and directives, homologation items and tests. ThHelev
process to perform the safety analysis is descrimedhe
ARPA4761. In practice, the aircraft functions andsth of its
systems should assure a risk degree compatible thith
norms. The main activities are described in FigHe safety
analysis can be integrated within the MBSE apprpdch
instance by associating the above mentioned desvib the

steps defined by the V-model, as the ARP4754A state

(Fig.2).

requirements expressed by the Recommended Practices

ARP4754/ED-79 [3] and ARP4761 [4]. They define aqass
to provide all the relevant information to certifye safety of
complex and highly integrated aeronautic
Nevertheless, daily practice demonstrated thatgases and
definitions of those standards led to several prtations and

key issue of this analysis is the so—called FHA

(Functional Hazard Analysis), which was performedhe test

systemsCase first at the aircraft level, then appliedhe fuel system.

According to the FHA, for each system function, |
modes, severity and risk associated are explored]. [1
Obviously the safety targets are defined by fixthg degree



of severity and risk compatible with a safe operatas in
other similar safety critical systems [15,16]. Oniat all the
requirements could be allocated to the system imgt and
these are associated to subsystems and compotfentSHA

has to be performed for all of those. If the MBSEapplied
this activity looks fairly easy. A preliminary futignal

analysis is performed thus identifying use casedkebolders,
functions and architecture of the designed systéhen a
dysfunctional analysis can be run, thus allowingrgical

review of all the eventual failure modes. It midlg noticed
that this approach provides a clear outline to @edc
straightforward, particularly during the concept sida

activity. Safety analysis is performed fairly fabtough the
FHA and is easily documented.

e ™
Aircraft FHA System FHA CCA:  Common Cause Analysis
“Functions ~Functions FTA:  Fault Tree Analysis
- Hazards - Hazards FMEA: Failure Modes and Effects Analysis
- Effects _ Effects FMES: Failure Modes and Effects Summary
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Assessment
SSA:  System Safety Assessment
=
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Fig. 1. Main contents and tools of the safety analysis queréd in
aeronautical engineering (from ARP 4761)[4].
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Fig. 2. Integration of the tasks of safety analysis witthia V-diagram of the
Systems Engineering (from ARP 4754A) [3].

Ill.  FUNCTIONAL HAZARD ANALYSIS

As the FHA is performed, all the failure modes bét
system functions are identified. Failure conditiorse
evaluated for both single and multiple events, amnmal and
degraded environment. Effects of failures are tthefimed and
classified. Some requirements to be associatetiadailure
conditions are then defined and their coveragdlatation is
finally checked. In the test case, the FHA at theraft level
was provided as an input of the modeling of thd fystem.
Functions included were mainly referenced to thePAR54.
Many of those may affect the behavior of the fugdtem.
Among all, for instance, the thrust, self-pilotinglata
monitoring and recording, electric power, interaafl external
connections and energy conversion were analyzed e&oh
function, four states were considered in failuraditon. A
severe failure occurs in case of total or partasdsl of the
function, while less dangerous is considered aaresignal.
Moreover, a function might be performed too earlyow late.
In addition, failure might be either detected ot.no

Once that the failure modes are defined, a reletzsht is
investigating the severity of effects. This activinight be
very difficult, since associating a too severe egugnce to a
dysfunction might turn out into a stringent requient, as
well as under evaluating the severity of a failoright affect
the overall safety of the system. This difficultputd be
overcome through the System Engineering. It provitie
functional analysis, puts in evidence the stakedrsidnd the
use cases and allows tracing the effect of a failbrough the
product development from the constructed part te th
corresponding function and requirement.

The FHA was formalized in the test case to be iatiegl
with the MBSE approach. Some degrees of severityhef
failure modes were set up. They were evaluated by
considering in sequence the absolute safety ofesysits
operational capability, effects on the crew, efeabdn
passengers. Catastrophic is the dysfunction prangent
continued safe flight and landing, thus leadingthi® death of
humans, inhibiting some important operational c#jpabor
causing even injuries to crew to be urgently tréate
Hazardous is each event decreasing significanty safety
margins, increasing the amount of work produced thy
system or affecting a number of other functions, esen
strongly tiring the crew or causing injuries notju&ing an
immediate treatment for the occupants. A major ulystion
for the aircraft allows it cruising and landing algf and
significantly increases the work of crew. Less vald
dysfunctions might be classified either as minoiralevant,
depending on the appreciable reduction of safetygims.

TABLE I. SAFETY TARGETS AND REQUIREMENTS
Degree Probability per flight hour
Catastrophic <1
Hazardous 18 x < 107
Major 10'< x < 10°
Minor 10%< x < 10°
Irrelevant (no effect) 1<




To complete the FHA the probability of occurrencasw suitable to be compatible with the tradition of texonautical
associated to each degree of severity of failuab (). This domain and to describe the dysfunctions, since #sw
action immediately allowed writing the corresporgisafety  sufficient negating the operations defined in tleguence
requirements. diagrams to create several dysfunctional behaviors.

Some critical issues in the proposed architectuszew
IV.  REQUIREMENTANALYSIS detected thanks to the dysfunctional analysis, whielped in
The elicitation of requirements for the fuel systemthe  updating the Functional Breakdown Analysis of theelf
test case was driven by two parallel set of ne&ifety System.
requirements were directly derived from the reswftsthe
FHA applied to the aircraft first, then on the syst A. Usecases

Func.tlonal requirements were found by means qf the \when a safety analysis is integrated with the fonet
functional analysis performed in IBM Rhapsody®. i  analysis of the system, a more general interpoetatf the use
worthy noticing that some goals were assumed aslsnee q55¢ is applied. Instead of only a goal to be aekidoy the
redundancy of critical functions, automatic moriitgr with system, which usually involves as a stakeholder eritie
warning capabilities, location of commands preventany ysers than other subsystems, a use case might &e ev
accidental activation, double signal transmissiohhe  considered an action performed by the stakeholsighout a
requirement analysis was performe_zd by f_ollowmgstm_d.ard specific request. As an example, the engines feefig. 3)
IEEE 1220 [17]. Therefore, their attributes are csig might be seen a logic action operated simply byngheg
measurable, suitable, feasible and traceable, sjisred by  gome parameters in the FCU (Fuel Control Unit) [21]
that standard. Additional requirements were writterfit the  owever, this interpretation makes the engine a ebra

standard ASD S 1000 D (former ATA 100) [18]. Toitiize  shadow stakeholder, poorly considered in the dysfonal
those requirements the IBM Rational DOORS® tool wsed. analysis. If the engine is considered as a regitieholder,
all of functions, connections, errors are activatadd

V. FUNCTIONAL ANALYSIS dysfunctional paths can be easily defined. In &st tase, for
einstance, the fuel storage performed by the tac&oraing to
the SE literature, cannot be assumed as functime she tank
does not require to the system to be filled nor glgstem
requires to store the fuel. Therefore, the tankaisort of
service, poorly compatible with the role of stakieleo.
However, if it is assumed to be a component of filnel
system, whose use case is store the fuel, in cdse o
permeability of the tank structure dysfunction oélfloss can
rpe foreseen and analyzed.

Typical diagrams of the System Modeling Languag
(SysML) were drawn to perform the functional and
operational analysis of the system [19]. As a matitdact, in
the test case which includes several material coepts to be
either assembled or connected to constitute theesysome
guestionable issues were found in the MBSE as @whnin
the literature. For instance, the sequence of dragrand their
topology might have an impact on a straight impletaton
of the approach. According to the Harmony© approac
proposed by IBM [20] and widely used to run the piwly®
tool, functional analysis can be performed by feillg some
alternate paths.

Physical

Fuel System Boundary Box
¥ ¥ subsystem

Person

Provided that a preliminary definition of requireme —

diagrams is performed and behavioral diagrams (ases, i T

activity, sequence, state machine) are drawn befbe S [ e e
architectural diagrams, including block (BBD) amternal okt

black diagrams (IBD), respectively, to perform faactional oo \\

analysis, after the use cases, sequences, activdtid IBD T =
together with the state machine diagrams can bel.use \— =
Alternatively, activities can be drawn before tleggences or

even the state machine diagram can be used teedbewother

ones. This choice is up to the user, but effectgsnof the

software implementation changes as it might chatige

impact of the proposed MBSE approach on the exstin

practices of the technical domain. Fig. 3. Use case diagram, with special operational useltghéighted.

In the test case, the fuel system was easily destrby As it could be remarked in the test case, safeglyais
resorting to the use cases and the sequences WsacCt affects the definition of the use cases. This hapgeor the
performed in operation, thus allowing a naturalidgion of  heating control. It was found after a preliminatigitation of
activities and states. Some use cases were detlitat@ requirements that a control of the temperaturehef stored
dysfunctional  behavior, according to the FHA, Dbyfye| is required and temperature cannot be belodefine
implementing the approach described in Fig.2. Itswa threshold in operation, to assure a prompt use. fdeaulic
remarked that many requirements could be assessdd asystem plays the role of stakeholder in the heahange,
refined and others added by completing this tas@reldver,  gjince it provides the required amount of heat ®ftrel tank.
the path followed in drawing the diagrams looked thost  Thjs refinement was added after identifying a caitiissue in

=



the dysfunctional analysis of the fuel system. Asial, the they can be used for both the functional and dysfanal
functional analysis was performed in IBM Rhapsodp® analyses. An example of negation of a functionhews in
resorting to the connection between IBM DOORS® andrig.4. Moreover, in the test case it was demoredrahat a
Rhapsody® through the existing gateway, which &ssw preliminary set-up of functional sequence diagraatiews

synchronization of contents. identifying all the critical issues for an eventubisfunction,
thus driving the dysfunctional analysis. A diffecenbetween
B. Usecasesrealization a functional and dysfunctional sequence diagrantha to

describe a dysfunction often it is required to reso several
additional details or links and some more functiombey
increase the nodes of possible failure in the edlat
architecture of the system, which have to be eeddsside

The realization of use cases is aimed at investigahe
system behavior case by case and at identifyinduhetions
exploited. This task is usually based on the segpien
diagrams, which highlight the functions performeutd ahe

; ; ; P the FHA.
stakeholders involved in each one. It is worthyigiog that

«Person» «Function,Block» «Block,Function» «Function,Block» «Function,Block» «External,Function,Block»
Groundcrew ENV Fuel quartity Sersing detection Fuel storage Tarks venting B Refuel flow
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Fig. 4. Dysfunctional scenario related to a lack of measerg of the fuel level during a feed by gravity
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Fig. 5. Activity diagram used for the dysfunctional anadysf the system.



C. Activities and swimlanes

Activity diagrams were then drawn to complete the
description of the system behavior. Action flows &here
shown, thus allowing immediately to identify a dystion
wherever the flow is stopped (Fig.5). The role eicle
function or capability can be easily highlighteddaarther
analyzed in this diagram by resorting to the colgnthus
describing the so—called “swimlanes”. The connectidth
stakeholders can be represented as well.

Pl sy oengies ussteed

Tarks g

Fos Systom s L1 Tanksdeteitig

L1 syt contrl, manitrin, i

K|

P qarety I caton

g
L
H
H

Fig. 6. Functional breakdown structure of the system.

VI. PRODUCT DESIGN

A. Functional breakdown structure

According to the MBSE to avoid a pure repetitiorttod
layouts already applied in a previous version efphoduct,
a good practice consists of dividing the architeetu
definition into three steps. Functions to be reegiito the
system can be suitably defined by a breakdown tstreic
and then instantiated into a logical architectubeing
different from the real architecture since for edehction
only a generic device or subsystem capable to parfbis
included instead of the real and material compgnehich
will contribute to compose the system assemblythintest
case it was realized that the Functional BreakdBwuacture
(FBS) might be enriched if the functional analysss
performed in parallel with the dysfunctional onen |
particular, control functions were detailed, asli®wn in
Fig.6.

B. Logical architecture

The system operation can be preliminarily describgd
the logical architecture of the system. It allos transition
between the functional and the physical modelingthef
system. Usually physical blocks are there not yet
represented, while the allocation of system fumdtido
logical blocks, which will be then allocated to sybtems,
components and parts in a next step (Fig.7), isrided. A
logical block is used to identify the relation beem a
certain operational task and the components ofsyfstem
involved. Each logical block is already an activity like
a device, no more a pure function, not yet a reaigonent.
In practice a preliminary layout of the system &eture is
drawn, without forcing the designer to select
corresponding components. The logical architectamre be
also helpful to provide a preliminary system breakd
suitable for the first allocation of the reliabjlitof the
system, whilst the real prediction will be perfodranks
to the Product Breakdown Structure (PBS), as dasdrin
Section VI.C.
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Fig. 7. Logical blocks of the system.

C. Product breakdown structure

Once that the FBS and the logical blocks could be
enriched according to results of the dysfunctiaralysis, a
preliminary Product Breakdown Structure (PBS) can b

drawn as in Fig.8. It includes some new components
introduced into the FBS and fits the requirements o
allocation of the logical blocks description. Eagghysical
block might allocate several logical blocks, whadogical
block must be allocated uniquely on a physical ort@s
criterion allows reducing the number of componamsd,
the failure modes and the system complexity. kvigthy
noticing that this approach fails in case of regdir
redundancy of the system. From this point of viévthe
safety analysis drives towards the application of a
redundancy, the allocation between function, Idgidack
and physical blocks might be affected. In the tase it was
found that, according to the standards ATA some
components were necessarily added (Fig.8). Moreover



some safety requirements might suggest to introduce
additional components, like in test case it was lieat
exchanger for the heat transfer between the hyidramd

the fuel system.

Beomam eere | |wvea « e ooz o G
Heat_s LH_Pump LH_Debvery_pipe ‘Heat_exchanger RH_Pumg
Al P pr— pr—— press— Alcaiedt s pror
(TiFuel heater (CJFuel_heater
T = o o s —
ocated To Alocated To
P Gmgeret oo o m Comsenant e
RH_Electrical_Pump

Fig. 8. Portion of the Product breakdown structure of tystesm with
additional blocks.

D. System architecture

The above mentioned rationale led in the test tase
define the overall architecture of the fuel systémwcording
to the ATA standards three subsystems were intexiud
fuel storage, a fuel feeding, a fuel monitoring and
management.

A preliminary system layout was proposed, including
two tanks, located inside the wings, each one dapab
storing 3185 | (approximately 2500 kg) and accdsditom
the upper surface of each wing through two gatesedular
service each engine shall receive the fuel fromribarest
tank. To prevent any problem in case lack of gyawetch
tank is equipped with a small fuel reservoir of atba00 |
(feeder compartment), always full and connectedato
electric pump and to a jet pump. The first onesiscuduring
the engine start-up operation, then the jet pumps a
automatically activated. The electric pumps autically
are switched on when pressure of fuel goes beldwn35ar,
thus assuring the fuel feeding. A cross-feed vabaing
controlled by an electromechanical actuator, alléeesling
the fuel to both the engines, through the same pimgase
of emergency, or to connect the right engine to lgfe
pump and vice versa. A second valve is appliedache
tank, to stop the fuel feeding and to prevent thk of fire.
If the minimum amount of fuel of 160 kg is detectacbne
tank, the related electric pump automatically staBome
heat exchangers allow keeping the temperatureebfufiader
control and transferring the heat to the hydrasyistem.

Re-fueling on ground is operated through a main
connector, located just close to a landing geampipging
system distributes the fuel through the aircraftjluhat the

maximum level in each tank is reached, then theefefg
valve automatically is closed. A backup system added,
in case the main control of fuel level does notafly work.
It consists of a sensor, being applied to the miokach
tank. It assures that a warning is sent to the aipes and
the pilot when the tank is full and that refueliisgstopped.
It might be remarked that a panel is applied cltzseéhe
refueling connector to allow the ground operatonitoring
the state of each valve, even in case of feedingrayity. If
an emergency landing is decided, refueling systeuséd to
control to open the valves through a dedicated
depressurizing device operating at 0,77 bar.

A venting circuit assures that pressure be always
positive during the whole mission profile. Each Kais
pressurized through a venting valve connected tathen
one located at the end of the corresponding witlis ©ne
is connected to the external environment throughagn
intake NACA, designed against the risk of ice atiore
The venting circuit is used even to prevent anyk ris
associated to an accidental spill-out of fuel dyrithe
refueling operation. The upper part of the fuselexgpdudes
an empty and pressurized room, connected to thescro
feeding circuit of the fuel system which allows trofling
the steam present inside the system.

A control system manages the fuel stored on theadir
A set of six sensors in each tank allows monitotimg fuel
level in each tank. Their measurements are elabdrand
displayed to the pilots. Additional magnetic sessassure
monitoring the fuel level even on ground. Tempeaetaf
the fuel system is always monitored and shown ¢octiew.
A typical warning is activated when pressure ingemps is
lower than 300 mbar, to indicate the lack of fuebdailure
occurring to the pumps.

VII.  FUNCTIONAL HAZARD ANALYSIS (FHA)

Previous definition of the fuel system layout was
performed through a functional analysis based erMBSE
approach. However, as is clearly remarked by thebar of
redundant devices foreseen in the proposed artlmiggc
especially sensors, this system looks highly safgtical. It
means that functional analysis might be incomplatel
somehow unsuitable to detect all the risks assedtisd its
operation and to refine both the list of requiretseand the
system layout. As it was previously described a
dysfunctional analysis is associated to the funeti@ne to
perform a deeper investigation and to completeremuie-off
of the system layout.

The so-called Functional Hazard Analysis already
performed at aircraft level (as in section 2.1) waseloped
for the fuel system. This action needs some praknyi
activities:

« system functions should be clearly defined as ia th
Functional Breakdown Structure (FBS);

« interfaces with the operational environment sholoéd
known, as in the Use Case diagram;



» functions of the super-system should be evenly know
i.e. in this case those of the whole aircraft;

» related failure modes and conditions of the sugstesn
should be already explored and detected through the
FHA of the whole system, i.e. the aircraft;

» system requirements should be defined and listexh as
requirements list and diagrams, respectively.
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Fig. 9. Sketch of a typical layout of a fuel system simttathat forseen in
the test case for a civil aircraft for regional neations.
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A main benefit of the MBSE applied to the test cass
that FHA naturally flows if one looks at the FBSwasll as
at the other SysML diagrams previously drawn, eisfigc
to identify the system functions and interfacescitcally, it
was sufficient negating the actions foreseen insege and
activity diagrams. Moreover, safety engineeringcpdures
can be easily performed by all of involved operatsince
the models are shared through a platform amond-edin
the point of view of scenarios and missions stgrfiom the
use cases, linking each failure condition to a digeand
known flight phase helps a lot. Designer should icvo
detailing too much in this activity the contentstioé FHA,
as it could be easily the case, because of thitabiiy of
those functional diagrams.

The FHA allows deriving the safety requirementstfa
system. Failure modes simultaneously are the higtel|
failure condition to start the derivation of theuRaTree
Analysis (FTA) [10,22], as in Fig. 10.

VIIl. SYSTEM SAFETY ASSESSMENT(SSA)

Once that the dysfunctional analysis is readyt &appens

in case of the heterogeneous simulation for thdigtien of

the dynamic behavior of system after the functipriat
instance, an interoperation with the System Safety
Assessment (SSA) is performed, to enable a vetiificaof

the safety requirements.

The SSA consists of a systematic analysis of the
architecture to link all the dysfunctions previguslentified
by the FHA to safety requirements. This activityeds a
preliminary verification plan, based on the seyedf each
failure as the ARP4761 describes. In particulathia work
it was done by following some criteria as: the fioe type,
its severity, the flight step in which the failuoecurs and
the complexity of the subsystem or component aealyz
According to that approach, it is relevant resgrtio the
classification of degrees described in Table 1. deaous
and catastrophic events are usually more deeplyzeth

A FTA

Each failure condition detected by the FHA leads to
verify the corresponding safety requirements. Tofqum
this activity, the FTA is used. Starting from a mdailure
event, all the related failures are detected thnotige
connections present inside the system and thefaots
according to a sort of "top-down" screening as i9.10.
This analysis resorts to the hierarchic structufethe
system. Therefore, the functional and dysfuncti@mallyses
performed through the BBD and IBD immediately suppo
this action. In case of the explosion of a tank,tfistance, it
could be possible detecting the tree of faults lgasy
considering the use cases and the proposed system
architecture.

B. FMECA

A quantitative evaluation of risk is possible whime
cause and effects analysis is performed, by crgatie
homonymous FMEA (Failure Mode and Effect Analysis)
[10]. To introduce some metrics inside the FTA,luia
rates have to be identified, component by compgonast
well as their reliability. If one assumes that thaslues are
constant over time, at least in this step of thalyais, a
FMEA report can be linked to the functional modedl ahen
used to fit requirements of the ARP4761. Relevapuis
are the component identification number and narhe, t
failure modes foreseen, a description of effeatmlst to
detect the failure, to measure their severity andepair,
when possible.

Once that the FMEA is completed, failure rates ban
easily derived by looking at the FTA. Moreover,rthés a
time of exposure to the detected risk. In the taste, for
many components it simply corresponds to the timie o
flight, since this subsystem is highly critical.ettiailures



severe and the consequences mainly dangerous or eve
catastrophic. In some cases other values were pet u
according to the literature herein indicated. The
interoperability in this case is played with thdtsare used

to define the above mentioned values, i.e. the RAM-
COMMANDER®. Each FTA allows computing the
probability of failure associated to the main evainthe top,
through the Boolean algebraic function describedthmy
tree.

It might be considered that those approaches caefibe
of other currently developed within the frame ofnputer
science and information technology. Even in theddfia full
interoperability of tools is looked for. Some exdeypof
reliability analysis linked to a system dynamic aeibr was
already proposed by resorting to Modelica® as & fimoa
full safety analysis [24]. Moreover, structured iabllity
analysis and safety assurance processes are tyrrent
developed and tested to be used in connection thigh
MBSE and related tools. They could be integrateth wie
process above described, to enrich and completeotbie
chain and create a suitable platform to supportoterall
system development [25].

IX. CONCLUSIONAND FUTUREWORK

A challenging issue to demonstrate the effectiverads
the Model Based Systems Engineering in developimg) a
integrating mechanical and aeronautical systenosiigy its
tools to enhance the elicitation and the verifiatof safety
requirements. Actually the analyzed test case ef ftrel
system for a civil aircraft demonstrated that cager and
traceability of requirements can be greatly impobugy
using the MBSE. Safety engineering basically needkar
definition of functions, interfaces and hierarchies the
system layout to proceed with a straight evaluabibfailure
modes and their propagation in terms of effectsnufie
whole system. Functional modeling allows developing
dysfunctional analysis, which helps in detecting fhilure
modes and defining the corresponding safety remargs.
A key activity is the Functional Hazard Analysishioh
might easily be performed by following the informoat
described by the behavioral and architectural diagr of
the MBSE. Moreover, safety analysis requires a tjiadive
prediction of risk and of the related probabilityf o
occurrence. In this second step of the activitynight be
noticed that FTA and FMEA are supported by the MBSE
never substituted, although functional modelingowa
deriving fairly easily the contents of those anafysA better
correlation between the FHA of the whole aircrait @f the
fuel system was even found. Critical issues atinkerface
between those two systems could be even detectedh A
matter of facts, the designed fuel system demaestri@ be
capable of feeding the required amount of fuel glan
complete flight mission, for given pressure, terapare,
altitude and scenario. Fuel level is continuouskynitored
[23] and fuel heating suitably controlled by heatleangers.
Interoperation between functional models, FMEA &1\
looks possible and effective, although a correspand
interoperation of related software has to be furthsted. A
future work could be focused on the effect of human

mistakes in operation, i.e., upon including humamghe
model, or even of multiple failures simultaneously
occurring.
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