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GUIDE MBSDA NAVAL
PROJET IMDR croup

A Projet IMdR réalisé sur une période de 18 mois

APri se en compte de | 6®tat de | dart
A Confrontation des pratiques des experts des différentes organisations

A Différents outils et langages

A Proposition de définitions et de méthodes communes

A Obijectif du guide : Donner un cadre commun, clair et de confiance
pour | a r®alisation do®tudes MBSDA
déoun mod | e MBSDA, sa pertinence et
A Guide au format IEC (International Electrotechnical Commission) facilitant
la transposition en projet de normalisation
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GUIDE MBSDA NAVAL
GROUPE DE PROJET IMDR GRrOUP
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GUIDE MBSDA NAVAL
DEFINITION MBSDA GRrOUP

A Méthode permettant de réaliser des évaluations / simulations statiques ou
dynamiques de Sdreté de Fonctionnement (par propagation de defaillances)
basee sur un modele rédigé dans un langage formel et reposant sur une
structure modulaire.

A Ce terme regroupe les différentes analyses FMDS/RAMS réalisées a
partir de modeles

r

MBSA MBMA

(Model-Based Safety Analysis) (Model-Based Mission Analysis)
MBSDA: Model-

Based Safety &
Dependability

Analysis MBDE MBAA
(Model-Based Diagnostic Engineering) (Model-Based Availability Analysis)
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GUIDE MBSDA NAVAL
PROPRIETES / CAPACITES DU MBSDA GRrROUP

A Modélisation du comportement fonctionnel et dysfonctionnel du systéme
dans le but de réaliser une évaluation de Sireté de Fonctionnement

A Réalisation de plusieurs analyses de Sareté de Fonctionnement & partir
d'un méme modele en analysant différents descripteurs?

AMod®l i sation de fonctions ou compo
structurellement proches des modeles de la conception

A Aspect modulaire permettant de modéliser un systéme a partir de

bi blioth qgues doéunit®s de mod®Il i sat
A Comportement global du systéme obtenu & partir du comportement des
unités de modélisation et de leurs interactions.

1: « observer » en AltaRica
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VB SbA NAVAL
QUELQUES LANGAGES / OUTILS GROUP

GRIF
Flex/Petro
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GUIDE MBSDA NAVAL
CADRE DE REFERENCE GrROUP

Préparer I'étude MBSDA Reéaliser I'étude MBSDA

Veérifier le modéle
Définir le perimétre et les objectifs
Construire le modéle
Identifier et recueillir les données Valider le modéle
d’entrée Exploiter les résultats du
modéle

Organiser le développement
Capitaliser le modéle

- - o

: : : . Gérer en configuration
Gérer les compétences Outiller I'étude MBSDA rétude MBSDA

Sous-sprocessus non abord® dans cette pr®sentation (p:¢
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GUIDE MBSDA NAVAL

CONTENU Group
A Introduction / Définitions ASoutenir | 6®tude
APr ®parer | 6®t ude |[MBS AGérerlescompétences
Définir le périmétre et les objectifs Qutiller | 6®tude |
|dentifier et recueillir les données G®rer en configur,
doentr ®e ) MBSDA
) Organiser le développement ACas doéapplication
AR®al i ser | 60®tude |MBSDA
Construire le modele Disponible au téléchargement sur le
Verifier le modele si t elMdRe hith=d

Valider le modéle

Exploiter les résultats du modele
Calculer / Simuler le modéle
Documenter

Capitaliser le modele
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ALTARICA DATAFLOW
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NAVAL
ALTARICA DATAFLOW GRrOUP

node D H node E +

node F +—/L node G +

node G2,

Assertion T
in_flow out_flow = out_flow
or (statel = failedndetected
then false
elsein_flow
Entrée(s) - Sortie(s)

Transition(s) Etat(s)
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NAVAL
ALTARICA DATAFLOW GRrOUP

domainPeriodicak= {nominal, faileddetected, failedundetected};
nodenode_G__node_G2
flow
in_flow : nominal_failed in;
out_flow : nominal_failed out;
state
. . . . . statel : Periodical ;
domainnominal_failed={nominal, failed}; testing :bool
nodenode_G init
statel := nominal;
flow . . . . testing :=false
in_flow : nominal_failedin; event
out_flow : nominal_failed ouft; failure;
sub repair;
detection;
node_G1 : node_G_ node G1, end_detection:
node_G2 : node_G__node G2; start_detection;
node_G3: node_G__node G3; trans o _
- - — - statel = nominal { failure -> statel := failedundetected,
assert ) ) statel = faileddetected{repair-> statel := nominal,
node_Gl .|n_ﬂow = |n_row; (testing =true) and (statel = failedundetected) [detection-> statel := faileddetected;
node G2.in flow =node G1.out flov testing =true | - end_detection-> testing :false
- . - - testing =false| - start_detection-> testing :=rue;
node_G3.in_flow = node_G2.out_flov assert 9 l - 9
out_flow = node_G3.out_flow; out_flow =if (statel = faileddetected)r (statel = failedundetectedjien failed elsein_flow;
edon extern
<eventfailure> = 0.000001%;
<eventrepair> = 1)
<eventdetection> = 0);
<eventend_detection> = 0);
<eventstart_detection> = 8760 ;
priority <eventdetection> = 1,
edon
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CAS DOAPPLI CATI ON

Application du guide MBSDA (IMdR) sur un modéle AltaRica e S SARERED A TR e 12/12/2025 13




CAS DOAPPLI CATI ON NAVAL
PREPARER LOETUDE MBSDA croupP

Préparer I'étude MBSDA

Spécification MBSDA

Exemples d’exigences

Définir le périmetreet
les objectifs

Spécification Technique

———> Objectif(s), Périmétre... .
de Besoin MBSDA

. . Données d’entrée .o .
Identifier et recueillir (conception, fonctions, Spécification de

les données d’entrée données de fiabilité...), modélisation
profil de mission...

Regles de modeélisation,

/, environnement de Plan MBSDA

modélisation...

Organiserle

, —> Planning, ressources...
développement
\ Méthodes de vérification

et validation, tests...

Plan de test MBSDA
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CAS DOAPPLI CATI ON NAVAL
PERIMETRE erour

A Systéme Energie / Propulsion inspiré de systémes réels (confidentialité)
- l ..... 2. R e i }

® Prop_PS Power_system_PS [ gl Turbo_alter PS

<
Eﬁ—L.g
1
® Prop_SB 1 Power_system SB [l Turbo_alter SB

Lo T._._,J _____ J' _____ l—i[l ? ]f
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CAS DOAPPLI CATI ON

! . NAVAL
PERIMETRE - TURBO-ALTERNATEUR

GROUP

From the opposite side
i_power BPCS 2 D
I D\pﬂw&l}\!]

Turbo-Alternateur ...

|! [_power BPCS 1

i setpoint_adm
13

-]'-w,mno.m,.cg,w

| water_extract]_I=r]

E )
i_steam [_J=*pressure_increas|

=
Pressure_sensor
2

o—>@high_pressure 2

-,
Pressure_sensor
3

e—@high_pressure 3

Application du guide MBSDA (IMdR)

r un modele AltaRica

Cooling_ Pump2

i power_pump2

nsitivity
PUBLIC

top.vatve us
Control_valve_1 [
X J 3 " Atermator
] o_setpoint_reg_2 i_power!
— i int_reg_2()
emergency.stop|  EIPOINLre0. ] o_setpoint_reg wt ?a setpoint_reg_3 |i| E| power2

Controlvalve 2

el o crergy r\ o_setpoint_adm L =

- Turbine_ mec o.exhaut steam _emergency_stop_—s< Turbine_command fo—t PLC
_exhaut.
_setpaint_reg_3()
i Tubine_i_level 1 urbine_i_leve| 3
Control valve 3[ | 1 T
=T .
=
o_setpaint_ 1@*—®pums comman
o_setpoint_2(e—e| d
i_level_pump_1| i level_pump_2
Condenser =
- Cooling_Pump1 L—ae Limitation reg
Pressure_sensorly_ gt oessure 1

© Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON NAVAL
PERIMETRE i DISTRIBUTION ELECTRIQUE GROUP

i
i
- offf i ou
Transformer1 :
] —'L\ﬂ_outz
i LV1_out3
Low_voltage1 :.-E UPS1 -' _
!
:.-ﬂ -'LVLOUM
]
i
i
-ad
HV_i1 Dock_source [ High_voltage
1
;
HV_out3 | ) _
— |
W] -..va,outz
i
in1 i
CBin :m
% Transformer2 : -'LV?_,OUM
!
1 ;. W ous
1
1 T TP |

nnnnnn
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CAS DOAPPLI CATI ON NAVAL
PERIMETRE - PROPULSION GROUP

Convert1 Transformer1
wM
Eh—. [Hji powerl
v
Convert2 Transformer2

g EH@[H:'I power2
wn
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CAS DOAPPLI CATI ON NAVAL
PREPARER LOETUDE MBSDA croupP

AODbjectifs :
A lllustrer la méthode au sein de Naval Group
A Utiliser les capacités MBSDA : comportement dynamique
(reconfiguration, prise en compte des rechanges disponibles en mer),
analyse de Securité (incluant securité fonctionnelle) et de Disponibilité
A Prendre en compte le guide MBSDA

A Résultats attendus
S®curit® Fr®gqguence annuell e dooc
Disponibilité : Probabilitée de perte partielle / totale de la propulsion sur
une mission de 70 jours

Corporate Sensitivity
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CAS DOAPPLI CATI ON NAVAL
PREPARER LOETUDE MBSDA croupP

ADonn®es doéentr ®e

A Modéle(s) de systémes réels équivalents
A Données de fiabilité (ordre de grandeur)
A Profil de mission

A Politique de maintenance

Alnstruction Naval Group (confidentielle)
A Contenant les régles de modélisation
A Adaptée au logiciel SimfiaNeo
A Présentant les méthodes de vérification
A Indiquant les preuves attendues

Corporate Sensitivity
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CAS DOHAPPLI CATI ON NAVAL
EXEMPLE DE REGLE DE MODELISATION GrROUP

Exemple de regles de modélisation : Mettre un avertissement sur le
di agramme doun ®I ®ment contenant un

111 Contains Synchronizations !!!

N Y yre— =4
| m | | B A
| —" o
o_Prop_PS .“—. Prop_PS D.-I_. Power_system_PS EIO—I Turbo_alter_PS k“i >|
| . M e
R i T 44 T " 3 ? ? Spares
o_Speed.“'} Speed g
R ) ¢ I
owda g ek o 3 !
= ) B
3
o_Prop_SB .<——.‘ Prop_SB D'-I—li Power_system_SB ED'—I‘ Turbo_alter_SB
3
el e 0!
[ N

Application du guide MBSDA (IMdR) sur un modeéle AltaRica ©Naval Group SA property, 2025, all rights reserved 12/12/2025 21




CAS DOHAPPLI CATI ON NAVAL
EXEMPLE DE REGLE DE MODELISATION GrROUP

Exemple de regles de modélisation : Tous les élements repétés doivent étre
traités en utilisant une classe instanciée autant de fois que nécessaire

s Al

111 Contains Synchronizations !!!

@ E’_. ___________________________

o_Prop_PS .“—. Prop_PS D.-I_. Power_system_PS EIO—I Turbo_alter_PS
i " o ’»/5 T
T 44 T n 3 ? ? Spares
ﬂ;v—h‘(:—““— (
o_Speed.“‘\f\ﬁp,e'ed g
[ Bt S § I
) {2 - ®
- ;
o_Prop_SB .‘-—U Prop_SB D'-I—Il Power_system_SB EEHl Turbo_alter_SB
i._._._._i._._.. A 0! |
L L —— 1t
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CAS DOAPPLI CATI ON NAVAL

REALI SER LOETUDE MBSDA GRrROUP
Principal processus

A Itératif

A Construction pas-a- Réaliser I'étude MBSDA

pas

A Au fur et & mesure
de la construction du
modele, il faut simuler,

vérifier/valider, \ modele
documentere
apitaliser le modéle

f
1
1
1
: Construire le modéle
1
1
1
1
1
1
1
1

8| J8|nojenBINWIS
18)uawnoo(]
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CAS DOAPPLI CATI ON NAVAL

DOCUMENTER LE MODELE GrouP
Choi x failts pour
Rapport demodélisation A Intégration des éléments de
: nformations documentation directement dans le
Dossier de nécessairea la modele
modélisation comprehersotu | AEdi ti on doun seu
compilant toutes les informations
Dossier de choix de Justiication des |- A Utilisation de la génération
modélisation modélisation automatique de documentation
pour établir la base du rapport de
Dossieljustificatif de Preuvegdle modélisation
définition du modeéle conformité A Compléments ajoutés pour
expliciter certains comportements
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CAS DOAPPLI CATI ON NAVAL
DOCUMENTER LE MODELE GRrOUP

[ Properties &2

@ Naval_Power_Prop

= Identification ~ identification

;: Sypcteorizations Name* MNaval_Power_Prop

B ar

el Description () file Naval_Power_Prop.simfia (and associated files)

2 User data I

Rulers & Grid Copyright (c) Naval Group SA property, 2024-2025, all rights reserved.

e Copyright () All rights reserved. Both the content and the form of this software are the property of Naval Group and/or of third party. It is formally prohibited to use, copy, modify, translate, disclose or perform all or part of this
software without obtaining Naval Group's prior written consent or authorization. Any such unauthorized use, copying, maodification, translation, disclosure or performance by any means whatsoever shall constitute an infringement
punishable by criminal or civil law and, more generally, a breach of Naval Group's rights. I

Created on:  2024/09/19 | Author: Fréderic MILCENT
Modif Date : 2025/04/07 | Author: Frédéric MILCENT

This model is a use case representing a simplified power propulsion system.

It includes reliability, maintainability, safety and availability issues. I
The power is generated by steam (steam production is out of scope).

The following events are analysed :

- Steam Breach (Annual Frequency of Occurrence)

- Total loss of propulsion (Probabiliy at the end of a mission)

- Partial loss of propulsion (Probabiliy at the end of a mission) corresponding to the inability to reach speed of 20 knots I
The quantity of spares is integrated in the analysis

Application du guide MBSDA (IMdR) sur un modéle AltaRica SRR e r e RS L LR 12/12/2025 25




CAS DOAPPLI CATI ON NAVAL
DOCUMENTER LE MODELE GRrOUP

Stop_valve

s+ Domains of Naval_Power_Prop Library
.| ldentification

d% Behavior Name Domain  Type Color Link Style  Description

- - MName* @ Stop_valve
=, Propagation =
Represents ship situation :
5 Brick Style

Description (7) Stop valve with 2 modes of failures (stuck full open or stuck closed) ~ waiting used 1o delay the start of ship

SIS can command the emergency closing of this valve 1 | 4sesituation domain = e
B, User data When nominal, BPCS can command the opening of this valve if 515 allows it - dock
Only repairable at dock. 2 @ dock Nominal Blue
3 ® sea Nominal Green
4 # waiting Nominal Yellow
5 4 ggnOmMinal_stuck —_— Domain used for regulation valvle
w Class Behavior 6 ® nominal Nominal Green
7 ® stuck_closed Failed Red
Behavior @ © Custom O MotRepairable @] Repairable () Virtual 8 stuck full_open Degraded | Red
9 stuck_mid_open Degraded Red
a 10 4 genominal_failed_degraded —_— Main domain used for element state
Lambda (2) 1 # nominal Nominal Green
12 ® failed Failed Red
13 degraded Degraded | Orange
Mu (’:):u 14 | 4 genominal_failed_dang_safe ——  Specific domain used for SIS element
15 @ nominal Nominal Green
16 ® failed_safe Failed Red
17 #® failed_dang Failed Red
18 | 4=colored_capa e Strucured domain used to color the float links and ports.
19 = capa float

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON NAVAL
DOCUMENTER LE MODELE GRrOUP

Utilisation doun ®tat situation (do
intégrer la phase dans laquelle se trouve le navire :

Quand le navire est a quai, tous les
éléments sont réparables.

Quand le navire est a la mer, la
plupart des éléments sont non

situation = situation =

réparables. cea dock Le stock bord est recomplété.
Seuls certains éléments disposent Le navire est alimenté en énergie
déun stock | imit® e ¢ h a dackpge électrique par des sources

Initial state

bord permettant des réparations. extérieures.
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CAS DOAPPLI CATI
DOCUMENTER LE MODELE

Un niTud pour <chag
composant représentant le stock
bord :
A 3 états :
situation,
initial_quantity (fixe lors des
simulations)
guantity
A 2 transitions :
taking (synchronisée avec les
réparations)
filling (possible seulement a quai)

Application du guide MBSDA (IMdR) sur un modeéle AltaRica

u

ON

e

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
PUBLIC

NAVAL

GROUP

type de

taking (-1)

‘@ Initial state :
filling (+1)

quantity = initial_quantity

12/12/2025




CAS DOAPPLI CATI ON NAVAL
DOCUMENTER LE MODELE GRrOUP

SIS (Safety Instrumented System)
A 1 SIF (Safety Instrumented
Function) --> Fermer la soupape
d 6 a d mi vapeur enrcas de
pression excessive au condenseur
(logique 2003 sur les capteurs de
pression)
A 2 modes de défaillances :
dangerous_failure --> arrét
d 6 ur gimpossible
safe failure -->arréetd 6 ur genc e
intempestif . repal
ASurperted 6 al i merarggt i dn
d 0 ur g(eepliséeuritaire)
A Seulement réparable a quai

reset_emergency_stop

emergency_stop

safe_failure

dangerous_failure
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CAS DOAPPLI

CATI ON

DOCUMENTER LE MODELE

NAVAL

Corporate Sanat
PUBLIC

GROUR

3.30 sI8

Safety Instrumented System

1 Safety Function > CI lop valve (emergency siop) when inthe

condenser (2 oul of 3 pressure sensors)

2 mades of failures

dangerous failure --> emergency siop not available

safe failure > emergency Stop (even If not necassary)

When power supply is lost - emergency stop (even if not necessary)
Only repairable at dock

3.30.1 Connecilors

3.30.1.1 Input

Hame Domain

i_powert colored_capa

i_power2 colored_capa

i_high_press1 bool

i_high_press2 bool

i_high_press3 ool

3.30.1.2 Output

Hame Domain Assertion
o_smergency_stop bool state_emerg_stop
3.30.2 State variables

Hame Domain Initial value
state_emerg_stop bool talsa

state_SIF1
uation

3.30.3 Evenis
Event Guard

emergency_stop

nominal_failed_dang_safe
situation_domain

(stale_SIF1 = nominal) and

(state_emerg_stop= faise) and
(

({i_high_press1 and i_high_press2) or
{i_high_press1 and i_high_press3) or
i_high_press2 and i_high_press3))
of (I_power!acapa+_power2acapa=0)

nominal
sea

Effects Probabilistic
Law

state_emerg_slop  Dirac(d=0, p=0)
= true

e G S ey, 0. o s et

Project
Naval_Power_Prop

ik Pane 4 ES 08 G013 APE 311 2 Pege 38

un modele AltaRica

Application du guide MBSDA (IMdR) s

Corporate Sensitivity
PUBLIC

NAVAL oo

GRroUP {aoeend
Event Guard Effects
reset_emergency_ _(state_SIF1 = nominal) and
stop = state_emerg_stop and = false
((I_poweriacapa + |_power2acapa) > 0) and
no(

(i_high_press1 and i_high_press2) or
(i_high_press1 and i_high_press3) or
(i_high_press2 and i_high_press3)

)
dangerous_failure _ (state_SIF1 = nominel)

NAVAL

GROUP

Probabilistic

aw
state_emerg_stop  Dirac(d=0, p=0)

state_SIF1 = Exp(1.00E-8)
failed_dang,
state_emerg_stop
= false
safo_failure (state_SIF1 = nominal) state_SIF1 = Exp(1.00E-6)
= failed_safe,
state _emerg_stop
= true
repair (situation = dock) and state_SIF1 = Exp(0.1)
((state_SIF1 = failed_safe) or (state_SIF1 = nominal
failed_dang))
patrol (situation = sea) situation :=dock  Dirac(d=1,680,
p=0)
docking (situation = dock) situation :=sea  Dirac(d=480, p=0)

dangercus_feivee
Figure 25 - SIS transitions diagrams

En G 5 peupeny, 05, e gt s

stz s

o Doceu Py 7505 P T 310

- 38 g1
ot 553,030 (0 s RS P

KR ST 441 15 08 SO APE 011 7
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CAS DOAPPLI CATI
VERIFIER LE MODELE

Vérifications proposees dans le
guide :

A Examen syntaxique et
sémantique

A Conformité du typage/domaine
A Bon usage de toutes les entrées,
sorties et états du modele

A Conformité des automates a
états finis (transitions)

A Respect des régles de
modélisation

ON NAVAL

GROUP

A Cohérence des événements
avec |l es donn®es
A Conformité par rapport au
comportement attendu (assertions,
visualisation graphique, observers,
priorisation des transitions)

A Bonne cohésion des liens entre
les elements du modele

A Cohérence vis-a-vis

do®ventuell es ®t u

ailleurs

Application du guide MBSDA (IMdR) sur un modeéle AltaRica
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CAS DOAPPLI CATI ON NAVAL

VERIFIER LE MODELE GRrOUP
Vérifications proposees dans le A Cohérence des événements
guide : avec |l es donn®es

A Conformité par rapport au
comportement attendu (assertions,
visualisation graphique, observers,
Verifie parile fogiciel priorisation des transitions)

A Bonne cohesion des liens entre

les elements du modele

A Cohérence vis-a-vis

A Respect des regles de do®ventuel l es ®tu
modélisation ailleurs

Application du guide MBSDA (IMdR) sur un modéle AltaRica © Naval Group SA property, 2025, allrights reserved 12/12/2025 32




CAS DOAPPLI CATI ON NAVAL
VERIFICATIONS INTEGREES A SIMFIANEO GrouP

Preferences [m] X

N = Ve e f
Regles implémentées S
- z S\EZER:?L Constraint categories: Select constraints to enable:
d I re Cte m e n t > AltaRicaAssignments @ Refer_Ential Integrity ) Bucket has constant probabilities and the sum is one
Requirements Constraints Conditional style has a valid predicate

> AltaRicaFile
> EMF Compare

Sii

a Neo - User Data Constant probabilistic law is positive and less than 1

- 7 . > Install/Update SV Neo - AltaRica Dirac delay is greater than or equal to 0
al S e a e I I l e I lt ~ Model Validation S!m faNea - Common Dirac priority is greater than or equal to 0
L] SimfiaNeo - Cuts computation from Fault Tree or Block Diagram . .
Constraints ) Domain has a valid name
SimfiaNeo - Cuts/Sequences

Domain name is not an AltaRica keyword
[Element name is unique:

> Run/Debug
> SimfiaNeo
> Sirius.

SimfiaNeo - Cuts/Sequences computation from Observer
Neo - FMECA Computation

SimfiaNeo - FMECA Configuration

A Détection des

EnumDomain name is unigue

» Version Control (Tean SimfiaNeo - On Save Event effects expression must be valid
b O u C | e S @ SimfiaNeo - Probability calculation Event has a valid name
SimfiaNeo - Safety Analysis () Event is probabilistic
Ve . , . SimfiaNeo - Step by step simulation Event name is not an AltaRica keyword
A M I S e e n eVI d e n Ce SimfiaNeo - Stochastic Configuration Flow has a valid name
SfmflaNem - Stc:hastl: Simulation Flow has a valid name without style
S!r!us (?nstralnts o Flow name is not an AltaRica keyword
Sirius Diagram Validation Rules - . e
. . . Gamma parameter of weibull law is positive
eS Cau SeS e Sirius Sequence Diagram Constrains —

C int ID: net.eads.ap: imfia.altarica.validation.altarica.ElementinBrick uniqueName.
| This constraint has error severity and executes in live (automatic) mode. |

consequences scspir

This constraint validates that all connectors, local variables, state variables, events, synchronizations and buckets have an unique name in a brick.

Also included in these other categories:

SimfiaNeo - Stochastic Simulation

SimfiaNeo - Cuts/Sequences computation from Observer
fiaNeo - Step by step simulation

SimfiaNeo - FMECA Computation

Restore Defaults Apply

pply and Close Cancel

(&)
E
E\

Corporate Sensitivit: © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON NAVAL
VERIFICATIONS INTEGREES A SIMFIANEO GrouP

Résultat de ces vérifications intégrees dans un onglet « Validation report »

T Properties « Validation report i3 ol AltaRica = Images

Level Message Rule name Project
1 = WARNING | In brick Naval_Power_Prop.Power_systemn_PS: the output connector LV1_out3 does not have any effect | Output connector has effects Naval_Power_Prop
2 = WARNING In brick Naval Power_Prop.Power_system_SB: the output connector LV1_out3 does not have any effect | Output connector has effects Naval_Power_Prop
3 & WARNING In brick Naval_Power_Prop.Power_system_SB: the output connector HV_out3 does not have any effect Output connector has effects Naval_Power_Prop
4 = WARNING | In brick Naval_Power_Prop.Power_systern_SB: the output connector LV2_out3 does not have any effect | Output connector has effects Naval_Power_Prop
5 = WARNING | In brick Naval_Power Prop.Power systemn_SB: the output connector LV2_out4 does not have any effect | Output connector has effects Naval_Power_Prop
6 & WARNING In brick Naval_Power_Prop.Power_system_PS: the output connector LV1_out4 does not have any effect | Output connector has effects Naval_Power_Prop
7 = WARNING | In brick Naval_Power_Prop.Power_systern_SB: the output connector LV1_out4 does not have any effect | Output connector has effects Naval_Power_Prop
8 = WARNING | In brick Naval_Power Prop.Power systemn_PS: the output connector HV out3 does not have any effect | Output connector has effects Naval_Power_Prop
9 & WARNING In brick Naval_Power_Prop.Power_system_PS: the output connector LV2_out3 does not have any effect | Output connector has effects Naval_Power_Prop
10 = WARNING | In brick Naval_Power_Prop.Power_systern_PS: the output connector LV2_out4 does not have any effect | Output connector has effects Naval_Power_Prop
1 = WARNING | The system Naval Power Prop has one or many loops involving a state variable. System should not have any connectors loop involving a state variable | Naval_Power_Prop

Application du guide MBSDA (|MdR) s . © Naval Group SA property, 2025, all rights reserved 12/12/2025




CAS DOAPPLI CATI ON NAVAL
VERIFICATIONS INTEGREES A SIMFIANEO GrouP

11! Contains Synchronizations !!!

r

Loops detection a X : B\ B\

Some loops have been detected in project Naval_Power_Prop.

d i
[
O_Prop_P!  Selectall  Unselectall Double click on a logp to highlight it Er Power_system_PS Tl Turbo_alter_PS

»|20 Loop 1 J
» O Loop2 |
» [0 Loop 3

» [ Loop 4 % | P— SR Wy - W ————
» (0 Loop 5 J J . g ? ?

> [ Loop 6

~v () Loop 7
@ Turbo_alter_PS.BPCS.Turbine_command.o_setpoint_i
j') Turbo_alter_PS.BPCS. Turbine_command.setpeint_1 | |
O Turbo_alter_PS.BPCS Turbine_command.i_emergenc & 2 i i. &
(O Turbo_alter_PS.BPCS.i_emergency_stop E RS .,-.J ...... '-l_._, —— e ﬁ
@ Turbo_alter_PS.5IS.0_emergency_stop :
<¥ Turhn alter DS SIS ctate emern cton g\t B

= Showing loops '1" to "10" of '50' loops :
©_Prop_St L. Power_system_SB e Turbo_alter SB

ii

]

i .

e -

Application du guide MBSDA (IMdR) sur un modeéle AltaRica ©Naval Group SA property, 2025, all rights reserved 12/12/2025 35




CAS DOAPPLI CATI ON NAVAL
VERIFICATIONS INTEGREES A SIMFIANEO GrouP

= 'L\-"I _out1
|- =l 1 ou2

)
!
j
Low_voltage1 :.—m e —- LV1_out3
]
]
!
!
|

| Transformer1

-—' HV_out1
HV_i1 ERErCh=S TS L] High_voltage .—. HV_out2 -

g [CRNE

B i
._.. HV out3 .
i.-ﬂ B\
Wt | .—E Low_voltage2 :.—E ups2 -. LV2_out3
- ~
Transformer2 i LV2_outd
|
i
i
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CAS DOAPPLI CATI

Per met doobtenirr
attendus de | 6®t u

Peut servir a vérifier ou valider le
modele

2 types de simulations : interactive
(pas a pas) ou systematique
(simulation stochastique,
genération de séquences)

Sélection et paramétrage des
moteurs de calcul

ON
SIMULER/CALCULER LE MODELE

NAVAL

GROUP

| kassimulaiian pds-b-pas ast un outil
d mdispensable pour :
A Vérifier le comportement unitaire
des niuds
A Vérifier le comportement du
modele
A Valider le modéle en jouant des
scénarios connus ou previsibles
menant aux evenements redoutés

Application du guide MBSDA (IMdR) sur un modeéle AltaRica
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CAS DOAPPLI CATI ON NAVAL
VERIFICATION DE LA REPARABILITE MER / QUAI GrOUP

SimfiaNeo - Naval_Power_Prop - a X
Fle Edit Diagam Modeling Validation Exploitation Documentation Window Help
2T PAH- B T FH- R Q
v Afoserais) : & Naval_Power_Prop © & Turboalter PS &1 & Turbo_ahter PSTurbine
type fiter text Brhiv| ¢ Brovimear @ g B Biv|$ vevier|laxr| %% v m l
+ © Determinist fireable B -
© (@ Naval_Power_Prop 141 Contains Synchronizations 111
patrol_sync
~ & Random From the opposit..
v (@ Naval_Power_Prop _power SIS_1 [Jipower gpcsa
« (@ Power_system_PS
« [ High voltage
v e -
failed_dlosed "
failed_open
v Lice2 o Spees
failed_closed Aemeter
failed_open
v ice3
failed_closed
failed_open
v iicea
failed_dlosed
failed_open
v Lices
failed._closed Copyright © Navsl Graup SA porpery, 2024-2025, o rightsreseved.
failed_open Copyright © Al I Jor ofthird party. s Formally
I CBin prohioited to use, copy, modiy, transate, disclase or perform all o partof pror
: Any such unauthorized use, copying, modfication, ransation, constiutean
failed_closed ‘criminal or civil law and, more generally, a breach of Naval Group's ights. ﬁ
failed_open
v [ Low_voltage1
v
¥ tailed_closed ]
failed_open e
v B2 p—
¥ failed_open
M v [sower_umpz v
& History (triggered events) a4 "
9 2 A& wevariables 8- 0 @predictes =0
Event Absolute time  Relative time | 1ype fiter text Name Value
Type Name Yalue Speed 20 knts false
O Turbo_alter PS.¥_pipeilzcapa 10 Breach fabe
O Turbo_alter PS.BPCSLimitation reg._PLC true No_prop_PS false
© Turbo_alter_PS.BPCSPLCI_powerlacapa 10 No_prop false
7 Turbo_alter_PS.Alternatorstate1 nominal
® Turbo_alter_PS.Turbine.Stop valve.o_levelzeapa 10
® Turbo_alter_PS.Condenser Pressure _sensorl.o_detect false
O Turbo_alter_PS.Condenser. steamscapa 10
 Turbo_alter_PS.Cooling_Pump1 situation sea
¥ Turbo_alter_PS.Condenser.Pressure_sensor3.situation sea
S06Mm of 1960M

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON NAVAL
VERIFICATION DE LA REPARABILITE MER / QUAI GrOUP

SimfizNeo - Naval_Power_Prop - o X
file Edit Diagram Modeling Validation Exploitation Documentation Window Help

Gmv i o PHRPLEIDIDO D~ 5
Events (tri bl BB =
vents (triggerable) & Naval_Power_Prop & & Turbo_alter PS &2 & Turbo_alter_PSTurbine
repa Flerevinmlavi@~| v m q TNy Hav @l e w s R XKk BIAvA| DY sv @A 7
111 Contains Synchronizations 111
From the opposit...

1

o_Speed

[—— om0
oo 552
-
,“ [; r e

Edit

ShowHide >
Copyright © Naus Graup S4 porpeny, 2024-2025, afl ights reseved. Layout >
Copyright © Al rightsreserved 2004-2025. of tird pary. s formally Format >

pronibted to use copy, modily, ansste diclose or perform sl or part of sutharizstion.
Any such unsuthorized use copying. modification, transiation
riminal or civllaw and, more generaly, 8 reach of Naval Group'srights.

re Trigerrable events >

urbo_alter_PS.BPCSPLC failure

Triggers event T

Cooling Pump2

[Jpower sump2

History (triggered events) =0« E
© 13 wevariables 8= 0 ©Predicates =o

Event Absolute time  Relativetime | type filter text Name Value
Type Name Value De || Speed.20 knts false
¥ Turbo,_alter_PS.BPCS Turbine_command.setpoint_3 00 I Breach false
O Turbo_alter_PSBPCS Turbine_command.i_level_2scapa 05 No_prop PS faise
© Turbo_alter_PS.BPCSLimitation_reg._PLC true No_prop false

© Turbo_alter_PS.BPCS] emergency stop false

® Turbo_aiter_PS.BPCS Turbine_command.o_setpoint_reg_3 00

Turbo_alter_PSBPCSPLC]_powerlscapa 10

© Turbo_alter_PS.BPCS powerlncapa 10

¥ Turbo_alter_PS BPCS PLCworking true

Turbo_alter_PS BPCS.i_power2ncapa 10

| IEEV of 1980M [0

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON NAVAL
VERIFICATION DE LA REPARABILITE MER / QUAI GrOUP

SimfiaNeo - Naval_Power_Prop - o x
Ele Edit Diagam Modeling Validation Exploitation Documentation Window Help
SR LMY RIE Al BEOL v oD | Q
¥ Events (tiiggerable) @8 =0 y
ossmts) & Naval_Power_Prop & Turbo_alter PS & & Turbo_alter PSTurbine
repair Pl Brovime av| B @alus v|m | Nv|frav@loewsdhX& Bl Ava|drsv—v@C d
. © Random N .
© @ Naval_Power_Prop 181 Contains Synchrenizations 11
PS_PLC_BPCS repair
From the opposit...
—— [Jipavetecs
o.Speed
Aemarer
Copyright © Nl Group SA porperty, 2024-2025,a fihts reserved.
Copyight € Al - Jor o tind party. s formally
pronistacto use copy, Moy, ranste,ciscose orperorm i o par of prior
Aoy ch unauthoraed use, copying, modcaion, anslaton constintean
Criminal or i o 3n, mor genaraly, 3 breachof Naval Group £ ights. =
B [Jrpower_pump2 v
History (triggered events) =no s >
9 2 A& wevariables 8 = 0 @Ppregicates =0
Event Absolute time  Relative time | 1ype fiter text Name Velue
Turbo_alter P.. 52785515322, 5278551
o Type Name Value De _| | Speed.20nts false
F Power_system_SBLow voltage2 CBin.currentl 10 1| reacn false
© Turbo,alter_S8.Turbine Stop._valvei_emergency_stop false No_prop_Ps false
® Prop_sB.Transformerl.outiacapa 10 No_prop false
O Power_system PS.Transformer intacapa 10
O Power.system SBHY._i1acapa 10
¥ Power_system_SB High_voltage CB3 situation sea
7 Turbo_alter_PS.Cooling_Pump2water_flow 10
® Prop PSConvertl.o_poweracapa 10
@ Turbo_alter_PS Cooling_Pumpio_flowecapa 10
W&o

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON NAVAL
VERIFICATION DE LA REPARABILITE MER / QUAI GrOUP

SimfiaNeo - o X
FEile Edit Diagram Modeling Validation Exploitation Documentation Window Help
SR LMY QD o THOERIPE D Q
Events (triggerable) | e = .
& Naval_Power_Prop & Turbo_alter PS &1 & Turbo_aher PSTurbine
reear sl orlmear|@-] | 1 NrietH|ar|[i@lewsdxk IR NEERY §) d
141 Contains Synchronizations 111
From the opposit...
h1lq i_power 55,1 [Jipower8pcs.1
[T 3
o s
o Spees
Altemator
Copyright © Navsl Graup SA porpery, 2024-2025, o rightsreseved.
Copyright € Al I or o thid party. It s formally
prohioited to use, copy, modiy, transate, disclase or perform all o partof pror
Any such unauthorized use, copying, modfication, ransation, constiutean
criminalor i aw and, more generaly, a breach of Naval Group' ights. Cordae
B [Jrpower_pump2 v
History (triggered events) ==k >
22 @ ¥ A& onvariables & ° 0 @Ppredicates =0
Event Absolute time  Relative time | type filter text Name Value
Turbo_alter P.. 527.85515322. 8551 .
P: PI£ BP(; 529.10388622.. 1.2487330008. Type | Name Value De Seoed 20 Jrts e
LHEEECS @ Power_system PS High voltage outdncapa 10 1| reacn false
O Power_system_SBLow_voltage2 Bus. bar.infscapa 10 No_prop_PS false
# Power_system_SB.Low_voltage1.CBS situation sea No_prop false
® Power_system _SBTransformer2 outlncapa 10
¥ Power_system_SB.Low_voltage1.CB4situation sea
@ Power_system SBLow_voltage2 CB2.out1acapa 10
@ Power_system_SB.UPS1.LV2_out3=capa 10
O Turbo_alter_SB.i_power_SIS_1acapa 10
O Turbo_alter_PS.Turbine.Control_valve_1.i_setpoint 10
o [

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON NAVAL
VERIFICATION DE LA REPARABILITE MER / QUAI GrOUP

SimfiaNeo - Naval_Power_Prop - o x
file Edit Diagram Modeling Validation Exploitation Documentation Window Help
5% L mYRIE A P - Do °
# Events (triggerabk ®E =0
iaeE Qossrais) & Naval_Power_Prop £ & Turboalter PS &1 & Turbo_ahter PSTurbine
reear iv|SlBrormelar|@r|@ajus v|m |etvBrviivMr|trt|av|@le wa N XK B/ AYA|Nrsr—rEC d
181 Contains Synchrenizations 11
From the opposit.
i power S5.1 wer 89CS.1
o Spees
Aemarer
Copyright © Nl Group SA porperty, 2024-2025,a fihts reserved.
Copyright € Al e Jor o thid party. s formally
prontedto use copy. mody, ransiae disclase or prform all r partf pror
Aoy ch unauthoraed use, copying, modcaion, anslaton constintean
crmins or o law and, more genaraly,  reach of Navs Group' ights. =
B [Jrpower_pump2 v
History (triggered events) =no s >
2% @ ¥ S w-variables 8 = 0 @Ppregicates =0
Event Absolute time  Relative time | 1ype fiter text Name Velue
Turbo_alter P 52785515322.. 3
p:';.iaa:é 52010388622 |24:733‘wus Type | Nama Value De || Spes2bims e
i ;' TR | 2amor @ Power_system SB.Low_voltage2.CB3 outincapa 10 1| reacn false
. e @ Turbo_alter $B.Cooling Pump2o_flowscapa 00 No_prop_PS false
# Prop_PSConvertlstate1 nominal No_prop false
® Turbo_alter PSY_pipec3ucapa
 Power_system_PS High voltage CBinstate nominal
¥ Power_system_PSLow_voltage2.CB4.current! 10
® Power system SBLow_voltage2.outlncapa 10
F Turbo_aiter_SB.Cooling_Pump1.water_flow 10
® Turbo_alter_PS.BPCS.0_setpaint_1 10
| BTN

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI
VERIFICATION DE LA REPARABILITE MER / QUAI

SimfiaNeo - Naval Power_Prop.

File Edit

4

repair

Y-

Events (triggerable)

Diagram Modeling Validation

Exploitation  Documentation  Window  Help
Foof®a t vt
& Naval_Power_Prop I
T Lrrre

History (triggered events) =D
co@tde
Event Absolutetime  Relative time
Turbo_alter P.. 527.85515322.. 527.85515322..
PS_PLC_BPCS .. 529.10388622.. 1.2487330008.
Turbo alter P.. 79240709633 263.30321011..

11 Contains Synchronizations 11f

CATI

ON

& Turbo_alter PS
IEERS R R

J_power 551

? & Turbo,alter_PS Turbine

Avi@ oewenX% BIAYA|[dYIv—vE

From the opposit..
i power 89CS, 2]

| power st 2

=——

Edit

Show/Hide >
£ Layout >
Format >

=

Trigemable events > degradation

1t Gouw

NAVAL

GROUP

| power 2PCS.1

Triggers event Turbo_alter_PS.Altemator failure

o Specd
Copyright © Naval Group SA porperty, 2024-2025 il ights reserved.
Copyright © tre for ofthird party. s formally
prohibited o use copy, madty ranlate, sl patof i
Any such unauthoried use copying, modificaton, transiation, consivtean
crminat o crlfve 30, more generaly,  breach of Naval Goup gt
« »
w0: Variables. &~ 0 ©Predicates
type filter text Name
Type Name Value Del.. || Speed 20 knts
® Turbo_alter PSAltemator.o_energyncapa 1.0 Breach
O Turbo_atter PSAltemator_energyscapa 10 No_prop_Ps
# Turbo_alter PS Altematorsituation sea No_prop
nominal

¥ Turbo_alter PSAltermatorstatel

Value
false
false
false
false

[IBaomof 1980M D

Application du guide MBSDA (IMdR) sur un modeéle AltaRica
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CAS DOAPPLI CATI ON NAVAL
VERIFICATION DE LA REPARABILITE MER / QUAI GrOUP

SimfiaNeo - Naval_Power_Prop - o x
Ele Edit Diagam Modeling Validation Exploitation Documentation Window Help
FRvRIBralo®40L v Dot a
iggerabl @B = y
AlErens Gfoscratis) & Naval_Power_Prop ¢ & Turboalter PS &1 & Turbo_ahter PSTurbine
repair B v Bl v | & vovimmlav|@r/@alus v|m B Biv|e veaviemlav@r/@alus [ m
181 Contains Synchronizations 11
From the opposit...
lj i power.S5.1 ipowergpcs 2 ] [Jpowergpcsa
- 3
o.Speed
[; 5 p—
Copyright © Nl Group SA porperty, 2024-2025,a fihts reserved.
Copyright © Al igh e i anclor o tird party. s formally
proaactouse copy, modiy ranste, scios o prorn s orpartcf i [ ——
Aoy ch unauthoraed use, copying, modcaion, anslaton constintean w
Criminal or i o 3n, mor genaraly, 3 breachof Naval Group £ ights.
History (triggered events) ==T|E] >
2@ ¥ S w-varisbles & - 0 ©predicates =0
Event Absolute time  Relative time | 1ype fiter text Name Velue
T e e
LB  Turbo_aiter_PS Condenser Pressure.increase confirm_pressure_incr tfalse 1| ereacn false
Turbo slter P 79240709633, 26330320001, || 5 p ol Al fale No_prop_Ps e
Turbo,alter.P.. 92405670139 13165160505-- || Turbo aiter_ps.BPCSLimitation reg.eg setpoint 10 No_prop false
O Turbo,_alter_PSTurbine.Control_valve_3_energyscapa 10
O Turbo,_alter_PS Cooling_Pump1 i_powerscapa 10
' Turbo_alter_PS.BPCS Turbine_command setpoint 2 10
F Turbo_alter_PS.Cooling_Pump2situation sea
® Turbo_alter PS.Pipe.o2ucapa 10
P Turbo_alter PS.SIS state SIF1 nominal
v of 1060M |3

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON NAVAL
VERIFICATION DE LA REPARABILITE MER / QUAI GrOUP

SimfizNea - 8 x
Fle Edit Diagam Modeling Validation Exploitation Documentation Window Help
FAYRE-al @ r D Q
Events (tiiggerable) z . . .
& Naval_Power_Prop 2 & Turbo_alter PS &1 & Turbo_aher PSTurbine
type filter text Avhivid| Brovied ar|@r - o8 v v veviedlavi@r|ae -
[ Determinist fireable| . -
[ Naval_Power_Prop 141 Contains Synchronizations 111
~ (& Power_system_PS.
~ Liupst From the opposit..
discharge1 | i_power 55,1 i O [Jipower8pcs.1
discharge2 o )I
discharge3
v [lupsz —
dischargel "
discharge2
discharge3 o.5peed JJ
. Random ] ) ttemator
© Determinist not immediatly fireable
Copyright © Navsl Graup SA porpery, 2024-2025, o rightsreseved.
Copyright © Al igh e wp andlor ofthird party. It s formally
prbvitadto use copy, modty, ranste, discose or perorm ah orprtof pas [J-omer_pumt
Ay such unsuthoried use, copying, modificaion tansiaton, constiutean by
criminalor i aw and, more generaly, a breach of Naval Group' ights. 3
History (triggered events) =l |E >
2@ ¥ S w-varisbles 8 = 0 @Ppregicates =0
Event Absolutetime  Relative time | 1ype flter text Name Value
e, TR T i e ]
LB  Turbo_aiter_PS.Condenser Pressure.increase.confirm_pressure_incr false Breach faise
Turbo alter P.. 79240709633, 26330321011, 2 Tuo.after PS SiSstate.emerg siop fale No_prop_Ps e
Turbo,alter.P.. 92405670139 13165160505-- || Turbo aiter_ps.BPCSLimitation reg.eg setpoint 10 No_prop false
© Turbo_alter_PS.Turbine Control valve 31 energyscapa 10
© Turbo_aiter_PS.Cooling_Pump.i_powermcapa 10
 Turbo_alter_PS.BPCS Turbine_command.setpoint 2 10
# Turbo_alter_PS.Cooling_Pump2situation sea
® Turbo_alter_PS Pipe.o2ucapa 10
P Turbo_alter PS.SIS state SIF1 nominal
67 of 1960M

Corporate Sensitivity © Naval Group SA property, 2025, all rights reserved
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CAS DOAPPLI CATI ON

VERIFICATION DE LA REPARABILITE MER / QUAI

SimfiaNeo
File Edit Diagram Modeling Validation Exploitation Documentation Window Help
PAaveE-al

Events (triggerable) E

ey e D

& Naval_Power_Prop 12

B v v vovimelav|@r

type filter text

& Determinist ireable .
© (@ Naval_Power_Prop 11 Contains Synchrenizations 111
~ @ Turbo_alter PS
~ [ Condenser
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