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« Intégration des approches MBSE/MBSA pour la prévision, le suivi
et I'optimisation des performances de systemes pendant leur

cycle de vie: : couplage avec les Data Science »
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MBSA in Automotive industry SimfiaNeo
Safety predlctlon

Systéme
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= MBSA in Energy industry Y
Safety and Operational Availability SimfiaN
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i@iﬂﬁ“‘ PERFORMANCE PREDICTION AND
FOLLOW UP

' #J Business Continuity
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KPI Analysis report for every period
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MBSA for performance follow up and management APSYS
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SE / MBSA info and model collection during whole Life Cycfg™
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== |Nteroperability of system engineering processes
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Development process
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Design
Information
Repository

RAMS
Information Data
Bases

System
Engineering Tool /
Workbench
Framework

MBSA for performance follow up and management

Info and model structuration issued from MBSA
Top Down

Bottom Up

1

Data

- Information

Model
Patterns

Model Processing

-consistensy check
-completeness check
-scenario simulations

AFFILIATE

data
sheets
for
reports

simulation
diagnosis

functional hazard
analysis

analysis
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Zmd’;"ﬁ;; MBSE/MBSA content organization through '”ﬁéQﬁE

SlmflaN

KNOWLEDGE GRAPHS as a support forDATA

DIAGNOSIS

TEST
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FTe===0perational Performance Enhancement owing to (
mance Ena SlmflaNeo

Diagnosis / Troubleshooting
enhancement

- Reduce isolation time, Mean Down Time

Prognosis
- Improve Mean Up Time

Predictive Maintenance
- Reduce Mean Down Time

Prescriptive Maintenance
- Reduce Maintepance Cost 14
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==~ MBSA output for Safety performance S|mf|aNeo

@ Failure tree,
System Block
architecture diagram Probability
and behavior (& cutset)
SDD
Model
v
v

MBSA for architecture validation o



Z@@;ﬁ Concurrent Multi Actors Validation . > -
SimfiaN

- Libraries for better coherency
ﬂ Instantiation:

€0

- ’,_:_—:—’:::::—_—_ ____________________ N - I PN
fr [ Bl | [‘\ _|B11 ] [l\ _ B12 ]
v Ident 'I'?I) cation
Name B12
Redefinitions: .
Description ~ | Class Description -

Name Domain Type Initial value Name Law Type Parameter
nominal_failed Default nominal i Exps Default 1E-6
Exp Default

MBSA for architecture validation 1o



PITY = Architecture Validation: oy
Traceability of “content” for S| mflaNeO

diversity / variability management ¢ = 3

Working with files 7~ ’

Working with local repository (keep history\ RemoTe REPOSITORY
Working with remote repositofy (multi-users)

I | BT s
SE AT
__0o _

. User #1 . User #2

MBSA for architecture validation
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z@i@,;m Architecture Validation: . > INCOSE
SimfiaNe

Collaborative sharing of content for more relevancy

[ "0 -

B o R

MBSA for architecture validation e
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Z@’iﬂ Architecture Validation:

W' Causal dependency chains for diagnosis SlmfiaN

INCOSE
=10,

efficiency and precision

v Through dependancy logical equations and discrete state automata

B

B3

MBSA for architecture validation | 19
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s Step-by-step diagnosis . >
for verification or discrimination SlmflaN

ze/DEMO_SIMFLA-simu/representations.aird/Top -
File Edit Diagram Modeling Validati Exploitati Documentati Window Help

iy o®img-al 0 0B EEEBRIGw Quick Access
+ Events (triggerable) m A = O & Top 22 = O (= Variables ‘ =ician|
| type filter tet || =8 - B ‘ o | B~ W - = e | & '| @ '| & k:»ll -l i ) ) | Type  Name Value Delta
4 [ Determinist fireable ol Maintenance.Crew Il Tisme ja Indicators = ¥ Tank.Etat_Reservoir nominal
[ ] Pump_f.c failed
.—.. Mb_Int ti [o} =
- Sl Inventory. Stock_Tank.stock_size 1.0
sMb_Interruption_Day 10
.—I.sNb_Interruption_Night Pump_A.status fail =

Ry
Start_failed
4 [ Random

Inventory. Stock_Valve stock_size 1.0

Tank.Niveau_Reservoir Full
4 [0 Top Indicatars.Day_Interruption_Nb 10
4 Ta";‘ Maintenance_Crew. Maint_State free
y ;EIV:ME TirneVar Day
et Pump_B.purnpStatus stand
< Panne B_EpUME 2 L
4 (10 Determinist not immediatly fireable Liimp s e
2 Tap Indicators.Night_Interruption_Ni 1.0
+ Demarrage_reparation_Pompeh | Valve | Tank Ea:('eez ?_ire:
Inventory e =l
4| Stock Valve Tank.s nominal
& Spareln .Tank_Le've\ TimesHorloge Day

[N W Noll N Nollol RN N NoNeohr W RERENENERRY 1Y

4|  Tank Inventory.Stock_PumpA.stock size 1.0
¥ Fuite Inventory. Stock_PumpB.stock size 1.0
4  Time X Pump_B.i failed
5 day Indicators.Interruption_Nb 1.0
Indicators.sDay_Interruption_Nb 10
= Valve.e failed
Indicators.iSystem_Loss nominal
| Pump_B "
- Tank_Level nominal
. = . - sNb_Interruption_Night 1.0
S eae ¥ Simulate the behaviour of the system
oo B i Valves failed
Event Absoluteti..  Relative time . . y Valvevalve state nominal
P B. failed
Pump_APa.. 60 60 \/ Sl e e
Indicators.Var nominal

Indicators.sMight_Interruption_Nb 1.0

v' Trigger one or more events and observe the propag 2

Name Value

System_loss falze

MBSA for architecture validation v



@ﬁm Model-checking: a new way to validate . > @
@ design contents SlmflaNeO

Classically, we compare MCS or FT to our understanding of the
system.

Now, we can directly check the behavior of the system

e Reachability of dangerous states from the initial state
 [s this state reachable from any other state?
e Can the system be locked in a state?

e Without step limit, without maximal order

21
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AFIS Bo requirement relation for . e @
Architecture Model Validation and Qualification SlmflaNeo

delips - E—
L als)y X
) @ Reguirement - = - 3 E—
- | Requirement —
/ C b I_ k d Editing of the properties of an object Requirement v iro @ OE| BT Aar lq

(Requirement “_Advanced |

any element in the Ty subyp
model Id: REQ 001

Name: Requirement about engine

Status : |

Statement of what the requirement is, including a
definition of wether the requirement shall be met,
Statement:  should be met or may be met. @

Modified On: | 2019-01-31 14:58:26| Created On: | 2019-01-31 14:57:45

v Is defined by a
Status

@ <Back [ Net> ][ Fnish ][ Cancel

[T Properties [£]Images & Model Explorer g AltaRica &= Linked Requirements 52

ﬁlement : Engine

D Name
REQ_001

¢ 9% R =0

Category
Requirement about engine Functional requirements

v" Modifications are
kept

Requirements linked to the selected element

MBSA for architecture validation g 22
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architecture validation through FMECA

Event

PowerSupply failure

sensorl totalloss

@

sensorl.erronecusEvent

Probability

Exp(L.0E-6)

Exp(L.0E-6)

Exp(1.0E-6)

Local effect

PowerSupply.ol

censorl.od

sensorl.od

MBSA for architecture validation

-

Local effect val...

failed

loss

EMMONEQLUS

-

Intermediate ...
PowerSupply.cl
Alarml

Alarm2
sensorl.od
relayl.outPower
buzzerl.o2
sensord.ol
relay2.outPower
burzer?.o2
censorl.od
Alarml
relayl.cutPower
buzzerl.o2
sensorl.od
Alarml
relayl.outPower

buzzerl.od

Intermediate ...

failed

loss

loss

loss

loss

loss

loss

loss

loss

loss

loss

loss

loss
EMTONEDUS
EMTONEDUS
EMTONEDUS

EMONECUS

SimfiaNeo

Final effect | Final effect...

-

Alarml
Alarm2

Alarml

Alarml

INCOSE

-

loss

loss

loss

EIMoONEQUE
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Other relevant extensions
of models for validation

Different type of models
functional, physical
logical,

Several viewpoints

Stored in one model

Cross viewpoints and cut set

MBSA for architecture validation 2
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&)

..and streamline
processmg capablllty _
for better context || —
understanding ==

and viewpointVersion
dd add a check
viewpoint

New version of model
Re-check cutsets through your different viewpoints

Gain efficiency in cutsets analysis during
development iterations and field feedback processing
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@ocumentaﬂon and report generation forSImflaNe'O

dedicated textual information
for better validation

./,”]‘_,_1‘ ,'Tv"'x J‘ iﬁl 1 MBSA

e e

e i B S S

- L ¥ M2Doc P model |_,
L g - ‘
-------------- *
Comments, Comments,
expertise, expertise,
conclusions conclusions
Template
Keep your manual modifications in

reports
Gain efficiency in report redaction

MBSA for architecture validation 20
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Content management and exploration SimfiaN
for multiple point of view validation

E
O

2 DljnoSimDaysAero 53 R DemoSimDaysAero 53

» Model > > FHA >PSSA> |

Bricks design
M Od e | Design the bricks of the system. Specify thi
them. ~ Functions

% Open functions table

FHA
F H A Functional Hazard Assessment. ¥ Scenarios S

2 Open scenarios table

PSSA ~ Failure Conditions <,‘r:’(>
PS SA Preliminary System Safety Assessment

¢ Open Failure Conditions table

Process Map of DemoSimDaysAero ~

)8

v Requirements &
oy
SSA
SSA System Safety Assessment ) Open Safety parameters table

Process Map | Bricks design | FHA| PSSA | SSA|

MBSA for architecture validation et G et s P S5 Y
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Functional breakdown
Classification

Effects, detection
means, flight crew
actions. ..

Safety parameters

MBSA for architecture validation

FHA content generation and processingSImflaNO

a4 5 01- ATA21-50 Air Cooling
a 450 01.01 - ATA21-51 Flow Control and Monitoring
4 45¢ 01.01.01 - Control of bleed air flow to air conditioning packs
4 ¥ 01.01.01.A - Total loss of bleed air flow to packs
= 01.01.01.A01 - Non-ETOPS flight or | ETOPS with diversion below 180 min or | ETOPS

a ?’ 01.01.01.B - Partial loss of bleed air flow to packs

j Properties &

o

[E] Images

01.01.01.B.01 - Reduced airflow, C5/FAR 25.831 not fulfilled
01.01.01.B.02 - Airflow below pressurization limit, non-ETOPS flight
= 01.01.01.B.03 - Depressurization, ETOPS flight

=] 01.01.01.A.02 - ETOPS flight with diversion beyond 180 min in polar regic

Identification

Scenario

~ Scenario
Classification

Effects

Detection Mean

Flight Crew Actions

Failure Conditions

MAJ hd

Depressurization of fuselage (cabin altitude stays below 25000
See <REF 5C»118960</REF=.

Loss of cabin and F/D temperature contral.
See <REF SC>119083</REF>, <REF SC>119086</REF> .

01.200 - Both packs shut-down (ETOPS flight with diversion
01.300 - Aircraft depressurization caused by Air Generation 5

28
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== Share objects between FHA and SSA g >
for multi cJ:riteria ~rehitecture validation  SimfraN

eo

< Function

L 4 /| DD
’Failure Mode
references &
:
groupe
~ Scenario L | ] S
/ Model .gw
g e
/ z
/ =
"4 combines
/
4
/ l
o vYy
allocated on Vd . owns
7 > Equipment % . Events

MBSA for architecture validation 2
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Operational Performance Simulation S|mf|aNeo

MBSA can be enriched by stochastic simulation

Sophisticated results need the iteration of numerous sequential simulations
Events are triggered randomly (depending on their laws)
An event with a high probability is more frequently triggered

Compute the value of one Observer at the end of one simulation

Depending of its type (weighted value, count, date, final value)
Depending on the expressions and evolutions of all the variables of the system

Compute a mean value of Observer during all simulations

St= Qbs=0 Qbs=28 ht=TE"d
5% Obs=0 Qbs=11 >
Ohs=0 Qbs=9
S >
N ?:1 ObSHi (TEnd)

MBSA for logistic optimization result = N 7
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Spare Part Optimization Flow

Systemrepair
by LRU S/E

S/E = standard exchange

Stock

RLRU stock
replenizshment

LRU

Stock Stock

LRU repair by
SAU S/E

LRU _._\LHLI repair by

MBSA for logistic optimization

SRU repair by
IRU SE

SRU SiE
SRU — /

LRU and SRU stock
replenishment ' SRU andIRU stock

replenishment

[ Suppliers

. “:N‘.;,':“f' gmecing

SlmflaNo
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Human Ressource Optimization Flow SimfiaNe

Maintenance levels

Operational maintenance : MLA1
User site and its staff
(operators) .
* . . il LY = -
Speciglized maintenance : MLz SFRE
Intermediate workshops «,;ﬁ;r

(specialized staff and tools)

Industrial maintenance : ML3
Depot or factory of the civil sector

MBSA for logistic optimization .
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MBSE/MBSA for more added value SimfiaNeo

contents supporting performance based
architecture validation

v MBSA
v Altarica
v" Petri networks

v StateFlow StateCharts
v

v' MBSE
v" 3DExperience®,
v" MagicDraw

)<

v Modelica
v -
v" Working on methods to synchronize e (=
the different contents W

As a conclusion... 33
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Content repository for performance SlmfIaNGO
prediction and follow up and management

v" Innovative required by performance simulation
v Capability to produce models of a system and its su pport

system
v Capability to manage as many mission profile(s) as required
v Capability to integrate functional / dysfunctional system

behavior’in every performance production context

v Support to results analysis, content document generation
v Capability to perform failure simulations

v Capability to generate FMEA / Fault Tree Analysis/  Cut Sets /
Sequences

v Customizable and configurable for every performance

As a conclusion... 34
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MBSE / MBSA approach for SlmfIaNGO
performance based architecture validation

v Crossing MBSE / MBSA contents and output

for architecture validation

Models: functional, dysfunctional, physical...
RAMS content: FMEA / Fault Tree Analysis /
Reliability Diagrams /Cut Sets

Dedicated Safety content: FHA, SHA, PSSA
RAMS KPI and other performance KPI
Documentary contents

As a conclusion... 3



