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m Profile of SADRI (Shanghai Aircraft Design and Research Institute) EOMREY

COMAC functions as the implementing large
in China.

About SADRI Design and @ED Center of COMAC

Egneern gﬁg[m tasks and technical

grasp @f |_é @EN’Q@%@“@S U[ﬁ] @[hm[m@
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Introduction (500
Profile of PGM COMSPEC

* PGM (Shanghai PGM Technology Co., Ltd.) is short for Pu Gou Moutain.
* A Leading provider of MESE solutions and consulting services in China.

* Many happy customers.
— Aeronautics, Astronautics, Nuclear power and Automobile domai

* Many addons for Capella.

Functional Simulation(DESS)

/2

PGM
cape"a ‘ Parameter Management(PMM)
B
+ . N?;gg ‘ Collaborative Modeling(T4C)
Vo AN Solution
=
A4
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m Introduction of Avionics system
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Background : (IrO'
m Avionics Safety Analysis Background

Safety Analysis is Isolated from System Architecture

* Fault tree hierarchy depends on personal experience.

+ Difficult to verify safety requirements of system architecture W ﬂﬁ n b
.

Lack of Standardization i

« There are different naming rules for aircraft public @mn -

g

] 4

« |tis difficult to carry CCA of public resources;

FT cannot be created Automatically ¥ : ML

*

@
* Fault tree is done manually, A

=

* Relay on personal experience, subjective.

» Laborious and error-prone.

Safety impact analysi ~*:§E NC

P vy "Lt
« Manually create database for safety analysis based on MCSs

- Fault tree can‘t be integrated automatically, and systemic cascadi

analysis is time-consuming

Al AXHEETERA WIBRSEASRIEIAE,
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETA



Background
Practice of MBSA in SADRI(COMAC)

From 2018, the avionics
system completed the MBSE
modeling process of Capella
from SA to PA

_ The avionics system models
* Perform safety impact .
can be automatically

analysis based on MCS , . . :
librari ted | integrated into the aircraft _
ibraries created manually. model through T4C \ Perfrom aircraft-level PRA,ZSA,CCA.

Failure propagation and automatic
creation of FT is realized based on
Capella;

Manually create FT based
on the designer's
understanding of system
architecture via FTA tool

The safety data is integrated with
Capella model, and systemic
cascading can be performed.

N /2
MEHE pgmMm
COMAC
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Safety Analysis is Isolated from\\
System Architecture ‘

Lack of standardization in .
fault tree naming /

FT cannot be created )
Automatically /

Safety impact analysis cannot b(\-:\‘\\
automated /
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Capella model

J

Define Failure
Condition(FC)
I

(o

pOMSEEG

W
Define Failure
Mode(FM)
|

Build Failure
propagation model

V

. Z
Automatically
generate FT

J

FTA

J

Safety impact
analysis

Existing FTA
models
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X% Overview COMSPEC

COMSPEC
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System Physical Import Capella Models \
Analysis Architecture

MBSE Modeling Tool ‘I
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Resources Configuration I I i g
I o FM/FC Management | e,
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1 Architecture 1 ' ’ 1
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Specific Risks and Risk ‘

combination Combinations Analysis Report

L

FTA RepoQ FMEA.etc

Safety Analysis
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Collaborative Modeling
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MBSA analysis process based on MBSE modeling

pOMSEEG

\

Functional/Physical
Architecture

Model

architecture of each
system hierarchically;
* Model functions and
interfaces
redundancies;
* Model the actual

K Model the functionaI\

\ physical architecture./

Function/Architecture

Analysis

* Define both internal

Failure Modes(FM) and
interface Failure Modes;

e Define propagation links

and logical relationships
of each Failure Mode;

e Define Failure Conditions

(FC) and allocate FMs to
FCs.

Analysis Result
>

FPM N Fault Tree
Analysis
* Auto-generate Fault Tree
based on Failure
Propagation Models (FPM)

Qualitative and
guantitative analysis of
Fault Trees;
Auto-generate the Safety
analysis database of the
whole aircraft.
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Safety Analysis

( Automate single point\

failure, combined failure,
common cause, and
cascade analysis

e Use analysis results to
identify the physical
architecture and safety

\ requirements. /
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Functional and Physical Architecture

System
Engineering
Process

Aircraft-level Scenes

Aircraft-level
Need Design

Function

Requirement

Product
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Functional and Physical Architecture

System
Engineering
Process

Aircraft Model

System-level Model

Aircra

Need
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System-level Scenarios

Function

Requirement
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Functional and Physical Architecture
System i .
Y : Aircraft-level Model System-level Model Integration Model
Engineering
Need Aircraft-leve OA
Design l
Syste
Function SA de SA
Requirement LA
Integration
Product PA
Allo¢ation




MBSA Modeling Process (50.
SM Functional and Physical Architecture

System Analysis: Physical Architecture Modeling:
Cross-model, Real-Time collaborative modeling Cross-model, Real-Time Collaboration modeling

i
i
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(o

m Functional/Physical Architecture Analysis—FM Management

* Create functional/component FM via FPM diagrar Create Internal FMs for

— ‘ ‘ Physical Components = InternalFailureMode £
LOSS_ADS_CI'M_1 ah | PP 1 ;\ LOSS IDI'1 CFM 1 IIL"L EI'ILH.]. Fﬂ.il‘.‘ﬂ:’& HG&G
-~ -~ +
- (#|Manage Component FM
LN L - o |
ADS ’/" PFDL o7 = =
@os Mo = Failure modes
£P] A0S Create interface FMs for §F]PFD1 T(Djﬂtbgent failure mode
Functions and Components ;
‘€ Erroneous failure mode
oL @ Aizsond
§B) ADS ’,"’ §R] Prrnt ///
o 4
@ Airspeed @ Airspasd Mispiay @lr:m’ 1




MBSA Modeling Process FM : Fail (50.
Functional/Physical Architecture Analysis—FM Management

* Failure modes are automatically added to the FM library.

§7 405 | ‘ {7 1011

PP 1
%% |0SS_ADS_OI'M_1 B (_/Juy LOSS IDUL CFM 1

Failure Mode Lib
= LOSS Component Interface 1

LOSS Component Interface 2
LOSS Function 4
LOSS Function 5

s FM will be automatically added
to the FM library.

LOSS Component 1
LOSS Component 2

PIDI o

@0 Airspeed @D Airspeed Display

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.



MBSA Modeling Process (500
Functional/Physical Architecture Analysis—FM Management
* Import Component FM to the MBSA tool

Failure Mode Lib
LOSS Component 1
LOSS Component 2
LOSS Function 4
LOSS Function 5

Excel ., XML

Failure Mode

Data

LOSS Component X
LOSS Component Y
LOSS Component Z

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
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MBSA Modeling Process FM : (50.
Functional/Physical Architecture Analysis—FM Management

* Allocate the imported FM to the physical components

4505 | ‘ {7 1001

PP 1 -
{5, L0SS_ADS_CTM_1 g (_/j,ﬂ LOSS IDUL CFM 1

- Failure Mode Lib
5 LOSS Component 1

9 LOSS Component 2
9 LOSS Function 4
9 LOSS Function 5

» LOSS Component X

Allocate imported FMs from the Sl
) - FM library to model elements

@ws & i’ ) LOSS interfaces of Component X

@D Airspeed Display

> LOSS Component Y

y ...

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
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MBSA Modeling Process FPI (ero
Functional/Physical Architecture Analysis——FPM

. PhysicaI-LogicaI-Functional Failure Propagation

§F) 405 ‘ {7 1001

. LOSS_ADS_CTM_1 kPl K_ )45 LOSS IDUL CPM 1 E? FEHLH'E deES

-------------------------- -©Absent failure mode

ﬂ ,' ® ® Erroneous failure mode
ADS ’,/ PED1 o
L : Physical-Logical Failure gE]PFDL :
Propagation

Logical -Function Failure

©issoe (N Propagation © Atrspecdi i
- © ®
§F] ADS ,r” 8] Prol P&
e Synchronization x Synchronization
@ Airspeed @ Airspeed Display s 4

FOP | $) FIP 1
Synchronization
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MBSA Modeling Process FPM: (50.
XXM Functional/Physical Architecture Analysis——FPM

LOSS_ADS1_CFM 1 8 Asi

L
L
...

§F]ADS3

1055 ADS3 CFM 1

# Synchronization

ADS1

§P] ADS2

LOSS_ADS2 CFM 1

ADS3
= Synchronization

pos2 Physical Component Failure Propagation

fi)
o
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MBSA Modeling Process FPM (50.

Functional/Physical Architecture Analysis——FPM

fFlans1

-
%ﬁ Airspeed-ADS1
IE ) -

&

@ Airspeed-ADS3

§E]ADs2

&
g\ﬁt“peedmsz
E T
(o

Synchronization

Function Failure Propagation Models
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MBSA Modeling Process

o O o o o e e S S S O B S S S S B B B
I %j Airspeed-ADS1 I
, : I
I B #lapss I
I @ Airspeed-ADS3 T 1 3 1 I
| |
I -
#ans2

| ) |
I @ Airspeed-ADS2

o\ |
' |
' |
' |
' |
L e e e e e e e e e e e e e e e e e = J

____________________
r Baost 1
I & @ Airspeed-ADS1 I
| ,, |
I B |
) |
) I
)
I #ans2 "
@D Airspeed-ADS2

) !k\\f“ |
| ; ] |
) I
I |
) |

L e e e e e e e e e e e e, e e, e, _—— |
A AXHEETERR WIBRSEASEIAE,
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FPI
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Synchronization

:

PM
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EOMBERS
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L
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@ T1-1
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Synchronization

Parent Function Failu
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re Propagation Models

NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.



MBSA Modeling Process FC (50.
SNM Functional/Physical Architecture Analysis——FC Management G

* Define the occurrence conditions of the FC

Allocate FC to FMs in the function

Allocate FC to FMs in the parent
805 failure propagation diagram

e
S Airspeed F () Airspesd

function failure propagation diagram

@|FOP 1 r
3 FIP1 q
Q ® T1-1
9 FIP 2 g
5 FIP3 E@T-2
i
., A
@ [FCJLOSS the Left Redundancy @ [FC]LOSS All Redundancies

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
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MBSA Modeling Process (50.

N8 Functional/Physical Architecture Analysis——FC Management G5
e All FCs will be stored in the FC library.

§B] A0S

Qss Aispesd F @) Airspeed il -

DFIP1

Failuré Chtio

r @10 )
@111
T
@
@12
—
\ .

AR AXHEETERA WIARRELSNEIME, KEFERA WIBRRELTHNE, AU EFERo SIS RRIEMtF, BFHEsEmRN.
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.



) FM : Failure Modes
MBSA Modeling Process FC: Failure Condit

FT Analysis FT: Fault Tree

FPM: Failure Propa

o

COMSPEC

* The FC establishes failure logical propagation relationships with multiple functional FMs.
* The MBSA tool will create a complete FT based on FPM e eEee

Failuré Cdio b “

Loss Function A Loss Function B

AR AXHEETERA WIARRELSNEIME, KEFERA WIBRRELTHNE, AU EFERo SIS RRIEMtF, BFHEsEmRN.
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.



FT Analysis

MBSA Modeling Process

Generate a fault tree from the selected FC
Calculate the minimum cut sets of the FC

. [FC]Simultaneous loss of function A and B

a MCS
H Tﬁ 1 F1, E3 2E-6
© ©

2 El, E4 2.1E-7

LOSS of Function A LOSS of Function B

,_TT_\ ,_TT_‘ Basic E\

q=2E-6 .. q=2E-6

3 E2, E4 3E-8

Probability of a basic event

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.

COMSPEC




FT Analysis MCS: Minimu

o

MBSA Modeling Process

COMSPEC

Calculate the occurrence probability of the top event, and verify whether the occurrence

probability is consistent with the safety impact| MBSA automatically calculates the

Q=2.3E-12 occurrence probability of the top
event based on the probability of
the bottom event

dtio

‘ [FC]Simultaneous losq
function A and B

s
I

Loss of Function A Loss of Function B

,_T T—‘ [_T T_‘ Basic Event

q=2E-6 ... q=2E-6

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.

Probability of a Basic Event




MBSA Modeling Process (Ir0°
Safety Analysis

* Analyze the impact of particular failure sources at a specific scale .

Loss of Function B

Combined failure o ft and the
right side device re loss of the

entire function B. (Take left and right

f A-singlépoint of failure of the left devi
0ss of the left re

L oss of the tlr_1ce)S:i Offt q_ u“.“

left input 8

input EV-a EV-b

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.
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MBSA Modeling Process
Safety Analysis

e Allocate Common Cause Sources to Physical Components Define CCA
§F] ADS | ‘ §F] 10U1
15 LOSS_ADS_CFM_1 ik EPd bﬁ' 5 LOSS _IDUL CFM 1

Common'Cause Lib “

— — Q  — Same Supplier

PFD1 ’

td

{F] Ans Synchronization {F] 10Ul P —_
> Synchronization

Same Manufacturing

Allocate CCAs to FMs
from the CCA library

§F) ADS e PIDI o —
” Synchronization % X Synchronization
Q@Mrspee(l

Airspeed Display FOP 1

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.



MBSA Modeling Process

Safety Analysis

Fill in Component FM'’s properties

Manage FM based on properties

(o

EOMBERS

Filter Failure Zone: Left

=

i 1
M Propert 1 “ m
FM Properties
. FM1 Device 1 2
Name: | Failure of Component 1's Sensor X ‘
Component: l Component 1 ‘ FM2 R|ght DeVice 2 2
Zone: l ‘ FM3 Device 5 3
Component [ W
Level:
Subsystem: i ‘
System: |r l
FPM Analysis Safety Analysis
Database
[ mm | wip
- Failure of the left side will result in: failure

of FM1 and FM3.

Simultaneous failure of FM1 and FM3 will

result in the loss of the left redundancy.

B AXHEETERA WIARRELSNEILME, KEFERA WIBRRELTMNE, AEANHEEFERoSE0EE I RRIEMG+, BTFHiEsEmB.
NOTICE: THE INFORMATION CONTAINED HEREIN IS PROPRIETARY TO COMAC AND SHALL NOT BE REPRODUCED OR DISCLOSED IN WHOLE OR IN PART OR USED FOR ANY PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY COMAC.

System A Display
System A Display
System A Alerting

Particular Risk Analysis

Zonal Safety Analysis
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m Safety Analysis | covspic

i FPM Impact Analysis ]

. FPM Impact Analysis

Select the type to 1. Failure Mode

be analyzed | :
y O 0] | - 2. LogicGate
Ol Type | | Failure Mode =
' 3. CCA
Object | - Loss IDU1:Loss IDU2 o I
o 5 e
O Calculation _
O Mode - | Model: Only consider the selected FMs to fail together v
Impact Scope:
(o)
ATA w N
O Function: 1. ATA | |3
O s 2. Functions il | e

3. Fault Tree

Select the scope ta
be analyzed

@ < Back Next > Finish Cancel
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m Safety Analysis comspic

Analyze complex System Architecture based on the Whole Aircraft Safety Database

$ FPM Impact Analysis 0O X Single Point The IMA System, power supply system and
. . other public resource systems can perform
FPM Impact Analysis Failure Analysis . . .
safety analysis from different functional scopes.
Type [ Failure Mode v ] . . . R
- - . . Particular risk analysis, zonal safety analysis
Object - l[}‘.\_ll]l\Jl;lL)sa_liﬂl? ¢ X Fc.lombxatllon. and CCA can be performed from different
Caﬁt;?;ion: Mode1: Only consider the selected FMs to fail together v allure na ySIS functional scope.
Impact Scope:
ATA: * R
ER - 1. Identify the impact of failures at all levels of
o 7 I £\ (éommdonpf:al“ise.& the architecture, including loss of redundancy
ascade Analysis and interface failures.

| ‘ Support FHA/FMEA database management
0 < Back Finish Cancel @ Generate that are compliant with 4761A, and the
_ | standard reports  export of FHA/FMEA reports.



m Safety Analysis covispic

Example : Loss of switch A and switch B

Manual analysis results for XX aircraft Analysis Report of the COMSPEC tool
EmﬂEﬂﬂﬂﬁﬁllHMHMEIIIIIIIIIIIIII

Loss of IDU2 fuel quantity display function

manual analysis report conclusions:

display function

affected the function.

- -

E E Functional

= : Fuel level Fuel information input that loses IDU2 fuel quantity
- . Blsply display function

: Fuel system: Fuel data redundancies for IDUs are : '“teervf:fe Loss of IDU2 fuel display information interface input
E reduced; E 4 Loss of IDU2 calculated airspeed display function

- E 5 Loss of IDU1 calculated airspeed display function

. . . . . - 6 Functional Loss of airspeed information input for IDU2 airspeed
: Display alarm system: Data transmission: Arspeed  Level  display function

" redundancy to the left IDU is lOSt, and hasn’t . 7 Display Loss of airspeed information input for IDU1 airspeed

Interface Loss of IDU2 airspeed display information interface input

Level Loss of IDU1 airspeed display information interface input

Conclusion

v"  Not detailed Accuracy: Consistent with manual analysis result

< Efficiency: Each analysis takes several seconds/minutes.
v' 30 people are analyzed in each -—
round, working at the same time

during the week

Convenience: Analysis results are more detailed, objective and standardized.

NERNERNERN

Completeness: The results of the analysis include both functional and physical

interface levels
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Summary (500

Summa ry COMSPEC
D N N
Safety model traceability Public device naming consistency
» Architecture model and safety model » Modeling and standardization of public
can be traced equipment failure modes
» Safety analysis results can confirm » Public resources facilitate security impact
and improve the architectural model. analysis
A A AT
Automatically create fault trees Safety analysis automation Innovation
> Function/device define failure propagation » Automatically form a safety analysis > Compatibility
logic database » Intellectual property
» Save time and effort, reduce experience > Automatically carry out PRA/ZSA/CCM
limit in ARP4761
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® Complex system design and

verification work
® Highly integrated system

® High requirements for reliability and

safety.
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