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BOMBARDIER
Overview

Bombardier is the world’s largest manufacturer of both planes and trains, with a worldwide
workforce of 74,000* people.

Bombardier is headquartered in Montréal, Canada. Our shares are traded on the Toronto
Stock Exchange (BBD) and we are listed on the Dow Jones Sustainability World and North
America indexes. In the fiscal year ended December 31, 2014, we posted revenues of $20.1
billion USD.

. * As at December 31, 2014, including contractual and inactive employees BGMBARD'ER
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BOMBARDIER
Our evolution
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System
Engineering
Challenges &
Goals
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System Engineering Challenges & Goals
With respect to technology

Reduce development costs while increasing quality of the design artefacts.

Challenge

Complex products

Distributed
Information sources

Opportunistic,
isolated reuse (copy
past)

Goal

Manage complexity

Share centralized
information

Managed, integrated
reuse of
development
artifacts
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System Engineering Challenges & Goals
With respect to people

Reduce development costs while increasing quality of the design artefacts.

Challenge Goal

Distributed

Enable collaboration
development

Improve correct
understanding

Multicultural teams
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MBSE at Bombardier Transportation
Engineering Domains

Verification &
Validation

Project

Management
Systems

Engineering
(MBSE)
Requirements Safety
Engineering Engineering

Functional
Engineering

Electrical
Engineering

Software
Engineering
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MBSE at Bombardier Transportation
BT System Modeling Method at a glance

The BT System Modeling Method describes how BT engineers shall analyze,
define and represent their system of interest using a Model-Based Systems

Engineering approach. The purpose of the method is to manage complexity and
Increase quality of the design artefacts to reduce development costs.

The BT System Modeling Method consists of three main tasks. Each of them to analyze
the system of interest on a different abstraction level.

Operational Functional Technical
Analysis Analysis Analysis

OA - main deliverables FA - main deliverables TA - main deliverables
1. Context & scope 1. Functional architecture 1. Technical breakdown
2. Interactions between SOI! 2. System of interest structure
and actors decomposition 2. Technical architecture
3. SOl use cases including 3. Allocation of Functional 3. Allocation of functional
their detailed behavior Blocks to the SOI’s parts blocks to technical blocks
10 130l s the system of interest BGMBAHDIER
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MBSE at Bombardier Transportation
BT System Modeling Method — Operational Analysis Example

“act [&ctivity] Set Travel Direction Of Train [ @ Set Travel Direction Of Train U

. b :
requested train | :Select Train Travel [‘.Iirne:t:tiu:-rll-l.| ]
trﬂ-l?:::ir[: '-:-?ﬂfln : Train Travel Direction

Direction Train Travel Direction
A ':1“ Selection
[ o T T T allowed?
. [train travel direction . L
Definition of: |selection not allowed] | [train travel direction
zelection allowed)
* Use cases | L :
. Associated actors | : Apply Train Travel Direction on Consist |‘|1
* Use cases detailed behavior | I i sction

with their activities | 1

® ®

uc [Package] Use Cases| @ 0.4, - Train Use Cases - Travel Direction u Train Travel Direction Train Travel Direction
Change Mot Allowed Change Applied

Train Travel Direction Reguest

e e rmeee

Driver #TrainUzeCases
Set Travel Direction Of Train

Trigger: «sianals Train Travel Direction Regquest
Result: The train travel direction which has heen selected
by the driver is applied in all consists ofthe train

1" BOMBARDIER
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MBSE at Bombardier Transportation
BT System Modeling Method— Functional Analysis Example

ibd [FunctionalBlock] TravelDirection [ =ZFE - Functional Architecture - Travel Direction u

p_travel direction selection «FunctionalBlock:
] - : TravelDirectionDetection ] .: ]
Train Travel Direction Train Travel Direction
gFunctionalBlock:
p_travel direction indication gFunctionalBlock: : TravelDirectionControl
Functional ] — 1[)' " : TravelDirectionindication .
Analysis rain Travel Direction Train
Travel
L p_travel direction warning «FunctionalBlacks Direction
Definition of: [ < : Driverinformation S —
. Train Travel Direction Mot Allowed rain [ravel Lirection
* Functional Blocks Mat Allcrwed

* Functional Block behavior

* Interfaces between

FU nctional B|OCkS bdd [Package] Travel Direction | @ Function To Subsystem Allocation u
. . .
Allocatlon Of FunCtlonaI Train Control and Management System
Blocks to the subsystems - T
[ zallocates | zallocates
sFunctionalBlock: sFunctionalBlock:
TravelDirectionControl TravelDirectionCommunication
Conventional Train Control Propulsion System
zallocstes ¢«allacate»
|
sFunctionalBlack: sFunctionalBlack:
TravelDirectionindication TravelDirectionApplication

© Bombardier Inc. or its subsidiaries. All rights reserved.
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MBSE at Bombardier Transportation
BT System Modeling Method — Technical Analysis Example

bdd [Package] 05 - Subsystem [ @ T.&. - Technical Breakdowen Structure - Consist - Travel Direction u

Technical
Analysis

Definition of:

zTechnicalBlock:s
Consist - TRAXX2E

-M5S

l

l

|

gTechnicalBlock: gTechnicalBlacks:

Propulsion Conventional Train
Systemn - TCI000 Control - Rafi Plate

gTechnicalBlock:

Train Control and Management
Systemn - MITRAC

 Technical Blocks
 Technical Blocks breakdown
 Technical Blocks interfaces

ibd [TechnicalBlock] Consist - TRAXX2E-MS|[ T.A. - Technical Architecture - Consist - Travel Direction U

«TechnicalBlocks

: Conventional Train Control - Rafi Plate

_IpCabControls -
N, L]
pTravelDirectionSelector
1pCabIndicators [—:]
[:J -

pTravelDirectionindication

[l

 TravelDirectionindication
=l ControlPort

«TechnicalBlocks
: Train Control and Management System -
MITRAC

-

P_IO_TCMS

L pTravelDirectionRequest

2|

(1 3=

«TechnicalBlock:
: Propulsion System - TC3000

P_MYE_TCMS

P_MYE_Propulsion

P_DriverVisualizationPort

pCabDisplay

L
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MBSE at Bombardier Transportation
Integrated Engineering Approach

Safety Requirements
Engineering Engineering

Functional
Engineering

g
STEANT- I

i

e
..
N

Malfunctions, Hazards Requirements Concepts, behavior, architecture

How to manage traceability and enable synchronization?

How to generate a consistent document base on given information?
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MBSE at Bombardier Transportation

Integrated Tool Chain

Linking hazard trees to
requirements in doors and
synchronizing safety information

with Datalink Manager

\/

HazardiAnaIysis in
Reliability Workbench

Requirements in DOORS

System Modeling in
MagicDraw

Linking and synchronizing
requirements from DOORS into
MagicDraw in Cameo DataHub

—

N

TERa

iy T

Emegreckrewy

Document
Requirement
\
\
Hazard v
\/
Function >l

Automatic document
generation in

MagicDraw
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MBSE at Bombardier Transportation
MBSE is an integrated approach Example

Definition of
requirement
in DOORS
(visualized
safety
attributes)

Definition of safety attributes in Reliability
Workbench based on requirement

7

-

a

I 842212F HEEEB EomputeJ

8.4.2.2.2 2F_HECCE Transrmit

EI 8.4.2.23 2F_HECCD Select trz
\ i The vehicle shal provide a
GIVEM the vehicle speed is
I f-8.4.2.24 2F_HECCE Boost Trz

- 8423 2F_HECD Manage top leve

- 8.4.2.31 2F_HECDE Compute

----- . B4.2.32 2F_HECDC Transmit , 4]
- B.4.24 2F_HECE Manage sandjpg
8.4.3 2F_HED Manage energy sufply

i 84,31 2F_HEDB Maryags energy

+84322F HEDCMnage energy

/s

-

Vehicle requests
opposite train travel

direction than
demanded and sends
information to train

Db|ect |dentifier | |E Object Type ”l ScopelD | Technical Requirements Specification | SIL requested | THF requested | Malfunction Description [ Wariants
Reverse',
2F TRS.~ TRAXX- | Requirerment FHE | GIVEN the vehicl speed s below % SIL2 30107 Yehicle requests TRAK-ACT
AC3.801 CCD =direction selection speed limit: opposite train travel
< AND the vehicle is leading direction than
o 0 AMD no traction dermand fram driver dermanded and
: N WHEN the driver requests a new train sends information to
e trawel direction on the active control train.
N . console
N THEN the vehicle shall send the
» dermanded train travel direction to the
\ train. D O O R S
N

.

.

Synchronized requirement in
MagicDraw linked to use case

N\
UC_TD_02) - Vehicle Requiremerts ] J
=

P x|
S| B Vo | Hyperink | S «Vehicle requirement:s <Vehicle requiren
Operational Bariers | Justfication | TESIP Function | Remrks/References | D" a_ScopelD ="2F_HECCD" a_ScopelD ="2F_HE
Safety Level Required | THRr | Poszzible MF Detection/FPrevention | Tppe of Gate | 3.741" Id="2F TRS .- TRAN(-ACI. 201" a_va tiants = "TRAXK
SIL2 f0 Id="2F TRS.- TRAX
| wrefine» — T

S «refines lerefines |
______ | | | f—— = = = =

| |
Reliability Workbench | | | , Magchraw

——— e

Dependencies...

Ok Cancel |

«Vehicle Use Case» I

Select Train Travel Direction (VUC_TD_02) 2
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MBSE at Bombardier Transportation
Change Analysis on Different System Hierarchy Levels

req [Package] Requirements Diagrams [ Select Train Travel Direction (VUC_TD_02) - Vehicle Requirements 1)

Vehicle Level Subsystems Level

w

dl | - | -

«Vehicle requirements «Vehicle requirements «Vehicle requirements «Vehicle requiren - - = =
a_ScopelD = "2F_HCCC! a_ScopelD = "2F_HECCD" a_ScopelD = "2F_HECCD" a_ScopelD = "2F_HE 4045 00.03 05 TRS - TRAGCACS 1147 < »

Id = "2F TRS.- TRAGGCACS 802" Id = "2F TRS.- TRAGCACS 741" Id ="2F TRS - TRAGGACS 801" a_Variants = "TRAYG( 4145 00.03.05.- TRS - TRAKCACI 260 < »
T T . Id = "2F TRS.- TRAXX ,C145_00.03.05 - TRS - TRAXEAC3. 1087 < »
| | | wefines 4T 45_00.03.05 - TRS - TRAXEAC3. 1080 < »

| | . | reres | 400 45_00.03.05.- TRS - TRAXEAC3 24 < »
refine: refine:

| =g KR s it , EE gLy~ ,C145_00.03.05 - TRS - TRAGHAC3. 1006 < »

| arefines ' | | | 40 45_00.03.05 - TRS - TRACAC3 228 < »

I I

40 45_00.03.05.- TRS .- TRANK-ACI 22T <
| | ;'JI'_'I 45_00.03.05.- TRS .- TRAKE- 423220 «
«¥ehicle Use Cases |
[m1] - - -
Select Train Travel Direction (VUC_TD_02) (4145 00.03.05 - TRS - TRAXEACS 230 <
- 4C945_00.03.05.- TRS - TRAK-ACS 231 <

. 4045 0003.05.- TRS.- TRAGL-AC3 232 «

woow oW

W

/(R 2F TRS.- TRAGCACI 804 < ¥ |, T45_00.03.05.- TRS - TRAKGLACI 233 < >
« [H2F TRS.- TRAXGAC3 887 < %® | ,CH45_00.03.05- TRS - TRAKCACI 234 < »
. - w [0 2F TRS.- TRAGCACI B2 < 8 |, 0045 _00.03.05- TRS - TRAKEACI. 1007 < »
< Select Train Travel Direct C_TO_02/8— -
slest Train Travel Oirsction (VUC_TD_02)8 “ [E9F TRS .- TRAGLACI TH + 48 - 0 45_00.03.05 - TRS - TRAKGACS 261 < »
~ [0 2F TRS. TRAGCACI B01 < 8 = [0 45_00.03.05.- TRS - TRACCACI. 1151 < »
“[2 2F TRS .- TRAKEACI 802 « » ~ CH45_00.03.05.- TRS - TRAXGACI.1152 < »

* (045 _09.03.05.- TRS.- TRAGG-ACINE3 < »
U 45 _00.03.05.-.TRS.- TRACCACI. 1154 < »

oy Traln Level _ P VehICIe Level _ i MW 45_00.02.01.02.- TRE.- TRAGACIIT « »
~ [0 2F TRS.- TRAXCAC3.804 < >@
+ < Apply Train Travel Direction On Vehicle (VUC_TD_03)® + [ 2F TRS.-.TRAXX-AC3.887 < >®
- 08 2F TRS - TRAXCAC3.824 < >®
- (8 2F TRS- TRAXCAC3.741 < >®
© Set Travel Direction Of Train(TUC_TD_01)@~"—= & Select Train Travel Direction (VUC_TD_02) @ g = BZRTRS:THOR-ALI R0 =

= [0 2F TRS.- TRAXX-AC3.802 < >

= Train Control Vehicle ®

&3 Check Conditions For Travel Direction
~ @3 Select Train Travel Direction{ demande
~ a3 Send Demanded Train Travel Directior

&3 Set Travel Direction Of Train( requested train travel direction : Train Travel Direction )

Show the described behavior (activities)

Show the allocated elements
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MBSE at Bombardier Transportation
System Modeling Tool Criteria

Fully supported

Excellent tool language
support and standard (SysML)

customization World wide data
accessibility

Integration of
requirements

Supports
concurrent
modeling

Supported
change impact friendly
analysis
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MBSE Lessons Learned

Railway System
Train
Consist
Subsystems

Components

I T
Document-
Based System

Engineering

.
L]
]
ole—
_JL I
] Il I I

Individual MBSE
Solutions

Fully Integrated
Model-Based
Environment

Provide practice oriented
methods

Think big but start small

Provide suitable tools
to do the job

Provide trainings, coaching
and guidelines
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Looking Forward
BT MBSE Targets

Automated
Document
Generation

Model
Based
Testing
{ J

System
Safety
@ Modeling
Language

Model
Execution

Integrated
Systems
and
Software
Engineering

(_J

Tool
Integration

Configuration
Management

Change
Management

Product
Line
Engineering

Code
Generation @
from SysML
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