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Agenda

= March 2006

= FIPER Implementation a year later
— September 2006 (Yohohama, JAPAN)
— March 2007 (Orlando)
= Other materials
— Pratt & Whitney
— Airbus/RollsRoyce
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The Role of CAE in an
Extended Aerospace Enterprise

Tim Ambridge

Director, PLM Business Processes,
Bombardier Aerospace

IBM CAE Conference, March 2006

BOMBARDIER



Bombardier Aircraft

Bombardier*
CRJ700*

Six Models of Regional Aircraft
*Over 2,000 in Service

eCanadair Regional Jet* Series

*Dash 8*/Q* Series Turboprops

* Trademark(s) of Bombardier Inc. or its subsidiaries.

Nine Models of Business

Aircraft

Bombardier*
Global Express*
Global 5000*
Global XRS

Bombardier*
Challenger* 604

Bombardier*
Challenger* 300

Learjet 40*
Learjet 45*/45XR*
Learjet 60*



Industry Challenges: The need for collaboration

High Cost/Low Volume
e Multi-billion dollar 3 — 5 year development programs
e Multi-million dollar products with only 300 — 400 units delivered per year

Large amount of customization and change — even after delivery
Highly regulated environment — including after sales service
Aircraft are high maintenance and long life items

No Aerospace company alone has all the resources required to
cover the cost nor the range of expertise needed to bring a new
aircraft to market and provide support

OEMs have become integrators, suppliers are now Partners in
sharing financial and technical risks

- We needed to re-engineer the way we do engineering

(&)]



World Class Engineering — Shifting our Focus

Shifting our focus from producing analysis reports to
developing innovative products

“It wasn’t easy but | finally found the analysis tool used to substantiate this part.
But then | wasn’t sure it was really the version used for the official certification report.

| recall they had to do a last minute change to the analysis approach before signing off
the report.

Getting the tool is one thing, but reusing it is another, especially since Mr. X is no
longer here.”

- BOMBARDIER



Why Fi.EER Engineering Process Infrastructure '7

Drag-and-drop for building process models

Links any application (CAD, Excel, Word, MatLab, ...)

Controls process versions and keeps trace of data generated

Built-in design driver components (DOE, Optimize, Monte Carlo, cost, ...)

Integration with PLM, CAD, Document Mgt System, etc

Web-based, secure,

collaborative environment, CeGiiea e

. . . i ' Process
inter- or intra-enterprise e Component

Activity
Component

| == - et | ram] B | St e

- BOMBARDIER
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Engineous’ Value Proposition:
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ISIGHT-FD Desktop Process Capturing

«E:iSIGHT-FD Design Gateway : Untitled 1 [Not Saved] : Modified -0 x|
File Edit Wiew MWindow Run Tools Help

BERS $PER| @ »-
Model Selection ‘| Drivers | CommonTools | CAE | Body | Powertain1D | Ofice | CFD | NvH | Ufiity | <Mews |

I
Untitled 1 - : )
| ag@m X o |

) ;;k;tabase = wiorklow | ‘T Dataflow | ¢ Parameters | [ Files | 225 Mapping | WA Graph Templates |
= [ Optimization : Br L
B MSCAdams
= (& Optimization1
A Mastran
A Mastrani
ﬁFamfat

Databasze Qptimization

M3 CAdams

& BEWN Ft L) A Y8

Olution ponents

—
=
(]
c
o
o
S
@]

@)

9 | Engineering Software Proprietary



e . NG

FIPER System

FIPER ACS

S T o

e \ ’

L&)

FIPER ACS (Application Control Server)

ig_l_Gl_rr_FD @ Library/DB - Share Workflows and Components

€ Heterogeneous Computing — Parallel/Distributed
@ Collaboration — In-house & B-2-B
€ Web Services — mail, browser webtop

10 | Engineering Software Proprietary



FIPER Processes in the PLM Landscape

Materials
Internal Loads
Geometry (parameters)
Mesh

Boundary Conditions
Requirements

Product Structure Attributes
Material Properties

+
Analysis Deliverable
(upstream process )

FIPER Server

FIPER Library

how, when,
who, what

Suppher\

\
software

0

Optimization

Analysis
Deliverable

B—Y%—0—FE—Fm—O

Database MATLAB ANSYS Excel Ward |

Fiper Process

d‘gfe. (=] <E ot !
Author

Reviewers

P i
1Store Document
Release =

Vlew Documents

Approvers
Workflow + Storage

BOA

(Bill of analyses)

it

= BOMBARDIER

BOA for Part / Assy




Bombardier Aerospace PLM Conceptual Architecture

Engineous
e e BA Knowledge

Simulation Base
& Analysis

3D Design Requirements
Management

Digital
Mock Up

Configured
Product

Digital Data
Manufacturing

Data & Doc
Mgt _ .
Data Sharing Program/Project

& Collaboration Management BOMBARDIER




Stress Department Achievement:
Process for generating internal loads

Fierok? FEMZ_eml

e Seao0kymE

7 days cycle time o R
reduction for each S
of the load cycles

)
;

WA A e _ — I, e
| il 1

Al Ty,
DN ODTMBWE e

Intangible gains
- Allows Multiple Optimization Loops with Suppliers
* Weight & product Optimization
* Ability to review impact to loads change very quickly

* Facilitates management of multiple models, load sets and work packages
* More robust process - Eliminates manual tasks

* Automated quality checking BOMBARDIER
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Stress Department Achievement:
Damage Tolerance Analysis

= Same analysis process applies to each Principle Structural Elements

|
: :

| Spectrum BACrack Growth e ale. PSE report
*Scenarios (in-house) (commercial) (MS Excel) (MS Word)
*<Assumptions
*Geometry P - p
“Material < Multiple reruns
*Stress Equations
eInternal loads « 200 PSE
“Mission « 3 main Loops of Load

* 2 Range Options
=600 reruns of crack growth and reporting

= Benefits + In-Service support

75% cycle time reduction in running damage tolerance analyses (DTA)
Quick turnaround for disposition to discrepancies

Ability to review impact to loads change very quickly

Eliminates manual tasks in analyses - More robust process
Standardization of processes

+  BOMBARDIER



Where we are going

Product Definition

Adv Aero
Profile optimization
Pressure Distribution

Flight Science
Stability & Control
Performance

Weights
Weight Distribution

Loads
External Loads
Design & Fatigue

Dynamics
Flutter
Vibration

Stress
Margin of Safety
Cycles

/

s BOMBARDIER
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FIPER Implementation, A Year Later
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The Role of CAE in an
Extended Aerospace Enterprise

Tim Ambridge

Director, PLM Business Processes,
Bombardier Aerospace

September 2006

BOMBARDIER



Product Definition

Advanced
Aerodynamics I

Cyeles

Wind Tunnel

Flight Science Loads
Stability & Control External Loads
Performance (Design & Fatigue)
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Advanced Aerodynamics FIPER Model
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Product Definition

Adv Aero Weights Stress
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“ragsure Distribution Cycles
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Loads Process Map - BEFORE
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Loads FIPER Model - AFTER

¢E:FIPER - file:/C:/1-G Gust Loads.zmf : Modified ) = |I:I|5|

File Edit View Window Run Tools Help
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Stress | I

Adv Aero Weights
Profile optimization Weight Distribution
Pressure Distribution

Wind Tunnel
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Stress FIPER Model - AFTER
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'Fwd Fuse Weight.zmf
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Weights FIPER Model
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Creating an Innovation Culture

Tim Ambridge
Director, PLM Business Processes, Bombardier Aerospace

2007-March-14

BOMBARDIER



Ten easy steps to introducing change!
Step 1: Start with Change in Mind

= Build in change management from the beginning
« Make change management an integral part of the project plan
* Get the sponsors involved right away
* Be clear about the deliverables

* Know which change methods you are going to use with each
audience from the start

 Be clear about the timeline

* Build up to implementation, don’t
wait for deployment to get started

»  BOMBARDIER



A Final word: “The Evolution of Species”

= The technical stuff is the easy stuff, the real work is in getting
people to use it, under pressure people revert to the familiar

= Continuous improvement requires continuous change

= People are the only source of long-term competitive
advantage

= Companies can longer promise employees life time
employment, but companies can provide marketable skills

“It is not the strongest, the fastest or the smartest of the species
that survive, it is those most adaptable to change”

- Charles Darwin

»  BOMBARDIER



Lessons learned

Integration within PLM architecture shouldn’t be underestimated
Integration with legacy applications shouldn’t be underestimated
Use as much “out of the box” as you can, customize as a last resort
Don’t try to automate your “As-Is”; rethink the process

People are ultimately more adaptable than software

Standardize across industry: “Is everybody really different ?”
Exchange data rather than documents

Supplier Compatibility : “Will they change with us?”

Never, ever underestimate the difficulty in getting people to change,
under stress, people revert to what they know

Continuous improvement requires continuous change, try to
Implement a culture that wants change

Why we are changing is more important than what is changing

»  BOMBARDIER



inilzation

Pratt & Whitney
ISIGHT/FIPER
Experience

Engineous 2007 Conference

J. Brent Staubach

Pratt & Whitney

Manager & Chief of Systems Optimization
March 13, 2007



Pratt & Wh

itney Is A Division Of =

United Technologies Corporation  \ ¢

40,000 employees

$ 11.1 billion sales

30,000 engines worl
wide on 600 airlines
& 70 airforces

Headquarters in
East Hartford
Connecticut

J. Brent Staubach

d

Aerospace Propulsion
W Systems
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ESI Product History At Pratt &

Whitney

e Initial pilot project with Engineous started
in 1995, V1.2

* 1996 PW purchased 20 seats, v2.0
« 2001 UTC corporate agreement

90 seats + 1000 parallel seats, v6.0
« 2004 UTC site license

e 2005 initial FIPER Purchase

33
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Local Optimization : Turbine Airfoil Film.
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Module Systems Optimization: Turbine

10% Lighter Disks
1% Efficiency Improvement
Applied to all designs since 2003

AERODYNAMICS Value to product $30m
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J. Brent Staubach
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Scalable Approach To MDO

Maste r Workflow

Aero 2D-3D
|

Rotor Design Request

| Discipline &
MC Feedback
i Hi Fidelity

etc

+— Rag.
‘ Publish results —»

PMDO Work flow AERO Work flowy Rotor Work flow

Turbine Rotor s

Wy Turbine Airfoil
=
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EC Funded in FP6
65 Partners, 11 countries
75 M euros, 4 years, 2004-2007




VIVACE Partnership

Aero Companies (20)

Vendors (10)

Research Centres (5)

Universities (14)

Plus 3
tier

Suppliers:

INBIS,
ESOCE,
Etc.

Airbus

Ajilon

Alenia

Avio S.p.A

BAE SYSTEMS
CENAERO
Dassault Aviation
Eurocopter
Hydro-Control

Ind. de Turbopropulsores
Messier-Dow ty
MTU Aero Engines
Operator
Rolls-Royce
Snecma Moteurs
Techspace Aero
Thales Avionics
Thales Avionics ES
Turbomeca

Volvo Aero Corporation

Dassault Systémes
Eurostep Group
Engineous

EPM Technology
Hew lett-Packard
I-Sight Softw are
Leuven Measure. and Syst.
MSC Softw are
Samtech

CERFACS (F)

DLR (D)

EADS CCR (F), EADS D
NLR (NL)

ONERA (F)

Cranfield University

Imperial College, London
Luleaa Univ. of Technology
Univ.of Manchester Institute
of Science and Technology
Nottingham University
National Tech. Univ of Athens
Politecnico di Milano
Politecnico di Torino
Queen's University, Belfast
Stuttgart University

Tech. Univ. of Hamburg
UNINOVA. Lisbon

Warw ick University

VIVACE Forum 2, The Hague, Netherlands

© 2006 VIVACE Consortium Members.

Page: 40

All rights reserved
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The key VIVACE objectives

Contribution to 30 %
lead time reduction
In engine

Achieve a 5% cost
reduction in aircraft

Contribution to 50 %

cost reduction in
development development engine development

© 2006 VIVACE Consortium Members. Page: 41

VIVACE Forum 2, The Hague, Netherlands ]
All rights reserved

24, 25, 26 Oct. 2006



VIVACE Story

Distributed engine design process

Integrator

f Defines Flight Mission

Collaboration
Preliminary Fad Hub

Design Process

© 2006 VIVACE Consortium Members. Page: 42

VIVACE Forum 2, The Hague, Netherlands ]
All rights reserved

24, 25, 26 Oct. 2006



Design Groups and VEC-Hub (Oct 2006)
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Integrator

: Starts the Process <
share(1)Spac,~l Provides Flight Mission Data ‘
E Preliminary Design —> Detailed Design E
s S J s
| . 1 | Detailed airfoil design :
| MTU L T |
| Preliminary airfoil o :
! design Lo NLR :
i E E Detailed Discl Design :
E 777777 E! quig_isc firtree E E V A C E
| i 1] Data Translation !
| AVIO/POLITO . I :
i Preliminary Disc Design, N i i i
' |_Robust Design Analysis M o RRD :
: e . 1 |Detailed Disc2 Design |
© 2006 VIVACE Consortium Members. Page: 44
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Expanded Workflow
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Summary

= Aerospace industry is moving rapidly towards:
— Simulation-based Development Process
— Workflow-based Standard Work
— Multi-disciplinary, Multi-Objective, Stochastic

— Collaborative System Engineering

46 | Engineering Software Proprietary



Systems Optimizations Have Grown To |
Encompass Major Engineering Functions

Performance Thermo T * * . . ¢ . ® . >
Systems
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FIPER Enables Team CoIIaboratibn-T_fif_
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