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Short biography

Fernando MAS (1959) is Industrial Engineer, Ph. D. and Airbus Group Senior
Expert in “Advanced Manufacturing Processes Methods & Tools” and “Virtual
Product Engineering”.

He is in charge of the ‘PLM Processes & Tool Solutions Department’ of Airbus
Military and he is Associate Professor at the University of Sevilla.

He and owns patents in the EU and US and is author or co-author of more
than 35 research papers in international journals and congress and has act as
speaker at several keynotes and conferences.

Contact Information

] fernando.mas@airbus.com
] 619 215 699
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DISCOVERING PLM
OBJECTIVES

 To review the Basic concepts in PLM Methods & Tools for the Aerospace &
Defense Industry.

 To know the PLM Methods & Tools used today in Airbus Group: Airbus, Airbus
Helicopters and Airbus Defence and Space.

 To have a look to the future trends in PLM Methods & Tools for the Aerospace
& Defense Industry and in particular for Airbus Group.
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Airbus Group: one Company, three divisions

Airbus Group, an European Company: The first Aerospace Company in the world.
Founded in 2000 by DaimlerChrysler (G), Aerospatiale-Matra (F) and CASA (SP).

Business parameters in 2012

— Order book 566.500 M€
— Aircrafts delivered 700

— EBIT 3.000 M€

— R+D 3.100 M€

— Employees 140.000

— Employees (in Andalucia) 3.000




DISCOVERING PLM

GESTION DEL CICLO DE VIDA DEL PRODUCTO

Aerospace industry in Europe: a long history

FRANCE
Airfouga
Morane Saulnier

Ouest-Aviation : ' ] i il (CAEROSPATIALE MATRA |

Sud-Aviation
Nord-Aviation
Arsenal AFA
Matra

GERMANY i i i i i i
Dornier : : 5 5 5 5 @ AIRBUS
Weser Flug : : i i i i
Focke Wulf d d d d ! D : :
Heinkel ' ' ; ; : ﬂ“ '
HFB
Messerschmitt
Bolkow

SPAIN | | | | | | |
Elizalde , ; ; ; ; i ;
Enmasa ; . . : i GASAQ
Casa ; ; ; : : : :

Hispano Aviacion
Aisa

EADS

1945 1950 1960 1970 1980 1990 2000 2010 2015
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Consolidation in the US

o De Havilland
Boeing

Rockwell A+D

0 /e @_ﬂﬂfnvc

McDonnell
Douglas
Hughes Space

GD-Aircraft
Lockheed E: ﬁ LOCKHEED MAR'I'I'NZ%

Martin Marietta
Loral

Ford Aerospace
LTV Missiles
IBM-Federal Sys.
Unisys

(4

NORTHROP GRUMMAN

Grumman

Northrop ) b
LTV Aircraft

Westinghouse

Logicon

Litton Industries
Newport News

Raytheon Raytheon
Beech Aircraft
BAe Business Jets

TI-Defense
Hughes Aircraft

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
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Airbus in the world
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Airbus in Spain

BARAJAS
ILLESCAS .

GETAFE

SAN PABLO (Norte y Sur) TABLADA
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Market and Employ

EADS workforce
Around 20.000 persons
Potential Market
Around € 10 billion

Based on Airbus Global Market Forecast 2011-2030 and internal estimates
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Airbus Commercial and Defense Aircrafts
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AIRBUS. Orders and deliveries

AIRBUS

GROUP

A320-Family

A330/A340-Family

A350-Family

A380-Family

A300/310-Family

Executive & Private jets

6,939

1,487

571

244

816

175

OVERING PL
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4,582

1,140

0

43

816

124

4,496

1,129

0

43

595
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Airbus Military Aircraft

C-212 -3 Tm. de carga.
(480 aviones) - 2 Pallets
CN-235 -6 Tm. de carga.

(250 aviones) - 4 Pallets

C-295 -9 Tm. de carga.
(72 aviones) - 5 Pallets
A400M - 32 Tm. de carga.
(192 aviones) - 9 Pallets

A330 MRTT - 45 Tm. de carga.
(32 aviones) - 139.000 litros de fuel
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Aerospace Industry Complexity

Sonaca
(slats)

*Very long lifecycle >50 years

,,m;"\ A\
*Huge number of parts > 1.000.000 V

o )\

Sonaca

(upper shell
& floor grid)

*Design around the world
—1500 partners
—30 countries

Latecoere -
. (lower shell)
—70 % of the aircraft uelm
|__(Nose landina aear) "

KAI (outer bottom panel)

\ / FACC (flap/fairings)
“ 2

Ne
Aemnt\,{yj ..

"IDA DEL PRODUCTO

Many changes and modifications.

*High level of customization.
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Premium Aerotech
(Shells)  (CFRP crossbeams) (leading, trailing,

Jamco FHI

edge & tip)

§
1" e / /\FAcc

1Y (RSS)
|4 Saab
Gobdrich Rolls-Royce/Engine (mid & outer
(Main landina aears) __Aircelle Alliance (enaines) __ frontspar) |

(all doors)

GKN
(shroud box,
access panels)

Patria
/SP"’””S)
— ; s —a

- N\
-

Ruag (wing tip)
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Long lifecycle: more than 50 years

INDICATIVE EXAMPLE OF A MAJOR CIVIL AEROSPACE LIFECYCLE

Cumulative
cash-flow

Cash-flow tails off

. f .
A ftormariet as aircraft retire

cash-flow
builds up as End of OE
fleet grows production

Initial R&D
investment

0 .
Launch of

programme Entry into service

R&D | =] .
Production |
In-service support 0000000

A320 Development starts late 70s. (40 years)

First flight in 1987.

Today 6000 sold and 4000 in order book. The first one was delivered in 1988.
A400M Development starts early 80s (30 years)

First flight in 2009

Today 190 sold and 188 in order book . The first one was delivered in 2013.
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Airbus A380 Transportation Plan

[HE
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Increase of complexity. Cadiz 1928
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INDEX

PLM BASIC CONCEPTS

PLM & ERP. Definition and differences.
Product Lifecycle.

Product Structure.
IT infrastructure, PDM, CAX y DMU.
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PLM Definition

PLM — Product Lifecycle Management

.

Disafic
concapiial

Lisefo
detallada

Gestidn del
progedio y BOM

Ingamieria rj:lx"
prodischo

PLM (Product Lifecycle Management) cover all g —
Methodologies & processes to create & manage

i 1 "rE:n.'l uracioin
product-Process-Resources lifecycle. Lifecycle extend ( Sootguracior
from the first feasibility studies to the retired phase. e

-
| Requerimsenibos
e

PLM: Manages data resources

- ciclo de vida

/
[ BMantenimienio

| [EparBE0nes ¥ dEI‘ Pfﬂdu'ctﬂ Ingenieria |:||:."|

'-H_h necambeos fabricacion J
entas y b )
F Roguerimignios |
dstnbucion s

&
SHmulBcsim v
validacdn

Teslen y

1
'-""1-\. califan

Fabrcacidny
praduccidn
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ERP Definition

ERP — Enterprise Resource Planning

ERP (Enterprise Resource Planning) cover all FRM
Methodologies & processes to create & manage RESOURCE

MANAGEMENT

information about the manufacturing & assemble of the
Product. Includes the management of Human &
Industrial resources as the supply chain and the MRP.

ERP: Manages physical resources

Enterprise Resource Planning (ERP)

AIRBUS 4
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PLM Scope

Feasibility > Concept > Definition > Development > Serial business >

PRODUCT DEVELOPMENT

AIRBUS 5
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ERP Scope

Feasibility > Concept > Definition > Development > Serial business >

PRODUCT DEVELOPMENT /

INDUSTRIALIZATION
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A general view

MRP & Supply After Sales Sales &
Logistics Chain & MRO Marketing

4

H

Partners,
Subcontractors,
Suppliers

-

Suppliers

Partners,
Subcontractors,

Design Proc{e}ss Management Manufactxring Ilocess Management

Tarhnnlnmyv Domain Technnlnnv Domain

Technoloav Domain vilities
lities

Technoloaov Domain dilities

Technology Domain lities

Integration capabilities

Technology Domain
Integration capabilities

Simulation
data & process

Design
data & process

AIRBUS 7

GROUP



DISCOVERING PLM

GESTION DEL CICLO DE VIDA DEL PRODUCTO

Product complexity and Volume are the key determinants

ngh Product Engineering_

Complexity A Centric
o
(&)
©
o
E
c
2
(7p]
(5]
O
Jd
(&]
-
©
o
o Manufacturing-
Centric
Low Product

Complexity  Low Volume High Volume
.

Manufacturing Impact
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Lifecycle Model in Airbus

» Milestones definition, now “MG — Milestone Gate”.
» Each MG fits a lifecycle state defined.
» MG Reviews. Review board and GO/ No GO.
» Formal procedure & documentation in each MG.
» Example. AIRBUS
Order released
for project Definition of Instruction to Begin final First Entry in
basic concept proceed (ITP) Go ahead assembly flight service

v VvV VvV VvV VvV W&
D D D T WD S D DD D WD D WD D

o PN

Prodglc_t Ld%a Top level AIC Concept for Authorisation First metal Power on Type End development
establishe specification product selected  to offer (ATO) cut certification phase for basic
aircraft
v
Microsoft
ywerfoint Pres entatic
AIRBUS ?
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Lifecycle Model in Airbus Military

Fase Fase de Fase de Fase de Fase de
Conceptual Definicion Desarrollo Serie Soporte
N L
‘
Comercial Andlisis ertificacion Programas A. Técnica
Est. Generales Disefio AMasis afsad ===========
Andlisis 1+D Disefio =========2= DPS
Disefio Ensayos 1+D, Ensayd DPS Vieresiales
Jefat. Técnica Ing. Desarrollo Fab. Ing. Rutas,Utilla]™»QN Materiales Fabricacion
ILS/LSA ILS/LSA Ing. Des. y Est Fab. Fabricacién Otros PV
============== Programas LS/LSA, Logs. A.Tec. Otros PV
Otros DPS =============== Ngsefianza, PPTT
Materiales Otros DPS Prdgramas
Programas Materiales ===Ag==========
Fabricacion Otros Fabricacion Otros NPS Fase de Definicion
Calidad Calidad Materialdg .
Otros PV Otros PV Otros FabNgacion RequerimientosY e g -—
Calidad Funcionale: Eiba LI antenibiliga
Otros PV

Caracteristicas clave
Criterios de
intercambiabilidad
Maqueta Electrénica

Geometria basica
Disposicion estructural
Modelos 3D

Esquemas de Sistemas

Modelo nsayod

y de Andlisis 4 Desarrollo Y™ (
Ana||5|s ‘ area = ales
POF Aerodindmico

© Jtiles de mantaje I
» Example. EADS-CASA e R
p . Adobe Acrabat D
Document
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Products Views

Manufacturing Customer
Engineerin Enginesting services
-Shells “Tubing
®
.‘}
AN Y W
‘Composites -Elecirici‘*-:Shﬂt rnetal

Programs

Marafacturing
shop-floor
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Products Views

Power plant Group Empennage Group

B
\\

Wing Group

N

*

- Production
Controls Group Loft Group Group Fuselage Group

Adaptado de « Dream Airplanes » by Mr. C. W. Miller
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Product Structure in Airbus

B Program

E- Engingsring
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+
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PS — Product Structure in Dassault Aviation
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An aircraft

% ﬂ Vertical
Stabiliser

Centre Fuselage %

Horizontal Stabiliser
Right Wing

Rear

Front Fuselage
Fuselage

Left Wing
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Functional Design Structure (As — Design)

Tail Section

ek

Aircraft
Wing Set v Fuselage %
Left Wing Right Wing Front Fus. Centre Fus. Rear Fus.

Vertical Horizontal

o = 9 2 & ) =

AIRBUS
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Industrial Design Structure (As — Planned) (i)

% Aircraft

CA3

Z=

CA1l

5%

CA 2

7

Hor. Stab.

Rear Fus.

Vert. Stab.

Left Wing Centre Fus.

Right Wing

Front Fus.

= & ) o P = &

AIRBUS

GROUP

17




_DISCOVERING PLM

Industrial Design Structure (As — Planned)(ii)

% Aircraft

|
% CA 1 % CA 2
Ver. Stab. Rear Fus. Hor. Stab. Front Fus. Centre Fus. Left Wing Right Wing
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Le premier Boeing 777
déconstruit... a Tarbes !
First Boeing 777
Dismantled in Tarbes!

Le site de déconstruction d'avions de Tarmac Aerosave a Tarbes
vient de recevoir un Boeing 777. Cest le second Beeing a arriver
a Tarbes pour étre déconstruit, aprés un 737, réceptionné en
mars dernier. Cest aussi le premier appareil de cette catégoriea
étre démantelé dans le monde. Tarmac Aerosave, qui emploie
une trentaine de salariés, a accueilli depuis son lancement en

s 8.8 8 aaepensssenst ]

o+ W

février 2009, 7 appareils a déconstruire. Qutre cette activité, ce
site assure également des prestations de stockage et de main-
tien en conditions opérationnelles d'avions commerciaux.

The Tarmac Aerosave dismantling site in Tarbes has just re-
ceived a Boeing 777. This is the second Boeing to arrive at
Tarbes to be dismantled, following a 737, received last March.
It is also the first aircraft in this category to be dismantled in
the world. Tarmac Aerosave, which employs about 30 employ-
ees, has received seven aircraft destined for dismantling since
its faunch in February, 2009. This site also provides storage and
operational maintenance services for commercial aircraft.

19
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CAX — Computer Aided X

e Authoring tools
e Ready to perdorm Functional & Industrial design.

=181 x]
=18l x|
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PDM — Product Data Management
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cDMU (configurated DMU)

22
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iDMU (industrial DMU)
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EADS IT Server Infraestructure
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SERVER  E(2)
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Significative IT data

Dassault licenses

CATIA 7000
Winchill /VPM No limit / 6000 No limit / 500 No limit / 700
DELMIA 250 25 25

Airbus own more than 68.000 PC.
Airbus Military own more than 600 PC for CATIA v5
Airbus Military own more than 60 WINTEL servers and 20 UNIX servers.

AIRBUS 27
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Current PLM situation in Airbus Military

Light & Medium

AIRBUS Derivatives
9 ~3 1

R’
b

-

PDM Optegra Optegra Optegra Primes
Configuration Sprint.net Sprint.net Sprint.net Primes / ICC
Management print. print. print.
Functional Design Catia v4/v5 Catia v5 Catia v4/v5 Catia v5
industrial Desien Catia v4/v5 Catia v5 Catia v4/v5 Catia v5

& Delmia v5 Delmia v5 Delmia v5 Delmia v5

Visualization

Visualizador Optegra
Product View

Visualizador Optegra
Product View

Visualizador Optegra
Product View

Product View
Catia v5 / Others

AIRBUS
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Current PLM situation in Airbus

» CAD for surfaces (CV)
we -:uo::o\p'"orrou'ruoo':mﬂfﬁﬁﬁg " — ° Dra.WingS 2D and CN- (CV)
S— * NO DMU. NO PDM

* CAD for surfaces (CV / CATIA v4/v5)
R T » Deawings 2D and CN. (CV / CATIA v4/V5)
R  Partial DMU. Partial PDM.

* PLM. VPM / CATIA v5 Airbus & Extended Enterprise

sssssssssssssssssssssssssssssssss

r
A350-800A[RBUS — —

SU T SBOATRBUS w * CAD for surfaces (CV / CATIA)
= = * Partial DMU (fuselaje). PDM (metadata)

AIRBUS 29

GROUP



AIRBUS

_DISCOVERING PLM

Thank You
Vielen Dank
Merci Beaucoup
Duo Xie
Muchas Gracias



 DISCOVERING PLM

Discovering PLM — Sector aeronautico
Madrid, 10 de marzo de 2015

Fernando MAS - fernando.mas@airbus.com
Madrid — March 2015

AIRBUS

GROUP



 DISCOVERING PLM

INDEX

INTRODUCTION

Historical context. PLM in General and in Airbus.
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PLM in General (i)

* 1950 - 1960 Plotters and NC programming.

— 1950 The first graphic system in the US Air Force, SAGE (Semi Automatic Ground Equipment). APT (A
Programming Tool) launched.

— 1951 Born of Gerber.
— 1957 First Commercial NC system PRONTO (PROgramming Numerical TOol)
— 1959 Born of CalComp.
— 1960 Born of McDonnell Douglas Automation Company (McAuto).
* 1961 -1970 Initial CAD systems.
— 1961 Ivan Sutherland PhD. The Sketchpad.
— 1967 Born of SDRC.
— 1969 First version of ECUCLID from MATRA DataVision.
— 1969 Born of CV (ComputerVision).
. 1971 - 1980 Proprietary systems. Aerospace and Automotive Industry.
— 1971 Born of MCS Software.
— 197x Big Companies writes is own CAD systems (General Motors, Ford, Chrysler, Daimler, Lockheed).
— 1975 Born of EDS.
— 1977 The first CADAM commercial versions.
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PLM in General (ii

AIRBUS
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1981 - 1990 Main Suppliers. Proprietary PDM systems.

1981 Born of Dassault Systemes. CATIA v1.
1981 Born of Unigraphics.

1982 Born of Autodesk.

1982 IBM PC Presentation.

1984 Commercial launch of CATIA v2.
1985 Dassault Systems own CADAM.

1986 Born of PTC.

1988 Commercial launch of CATIA v3.

1991 - 2000 Cax interactive systems. First steps on PDM. UNIX as OS.

1991 PELORUS development between ComputerVision and Daimler Benz.
1993 Commercial launch of CATIA v4.

1993 CV launch Optegra. EDS launch Metaphase. DS launch VPM

1998 Commercial launch of CATIA v5 — Solids design.

1998 PTC own ComputerVsion.

1999 Dassault Systemes own MATRA DataVision.

2000 Dassault Systemes own DELMIA.
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PLM in General (iii)

AIRBUS
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2001 - 2009 Concentration. PDM maturity. PLM. PC as standard platform.

2001 EDS own SDRC.

2001 Commercial launch of Windchill by PTC.
2002 Dassault Systemes own KTI.

2007 Siemens own Unigraphics.

2007 EADS selected Windchill and CATIA as PLM.
2008 Commercial launch of CATIA v6.

2010 — 2019 Collaboration. PLM integration in the “Extended Enterprise” ?

2010 EADS test CATIA v6 inside PHENIX (PLM Harmonization) Project.
2011 Airbus Military starts Collaborative Engineering pilots.

2012 Astrium start working on CATIA v6

2012 Airbus Military launch Collaborative Engineering for FCA320neo.



PLM in Airbus (i)

1923 - 1970 Aviones bajo licencia y algunos desarrollos propios.

GE

DISCO)

CICLO DE VIDA DE

VERING PLM

PRODUCT

Breguet 26

1927
Dornier Wal

A

N

\ 4 4%;,;’-. mE*
[

| v =
1942
Heinkel 111

5|

1943
C-201

1944
C-202

1953
C-207

— 1923 Constitucion de Construcciones Aeronduticas, S. A.
— 1928 Inauguracion del Centro de Cadiz.
— 1929 Primer vuelo del Dornier-Wall Numancia. Primer vuelo de la avioneta CASA-I.

— 1940 Inauguracion del Centro de Tablada.

— 1969 Instalacion del primer ordenador CAE IBM 1130 (8 Kb / 5 Mb).

AIRBUS

GROUP
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GESTION DEL CICLO DE VIDA DEL PRODUCT

PLM in Airbus (ii

1971 - 1982 Fundacion de AIRBUS. Oficina de Diseio para desarrollos propios.

i 4
g
ﬁn Y

1966 1967 1972 1973 1974 1978 1979
F-5 C-212 HA-220 HTT A-300 C-101 F-1 CN-235

— 1971 Fusidén con HISPANO AVIACION. Adquisicion por el INI. Primer vuelo del C-212.
— 1972 CASA pasa a ser miembro del Grupo de Interés Econdmico Airbus Industrie.

— 1973 Instalacion del APT 360 sobre un HOST IBM 1401 (8 Kb).

— 1977 Primer vuelo del C-101.

— 1981 Instalacion del primer sistema CAx, DEC VAX PDP 11.

— 1982 Instalacion seis pantallas CV con CADDS 3. Eclipse DG (32Kb/300MB).

— 1982 Lanzamiento del programa FLA (A400M).

AIRBUS 7

GROUP
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

PLM in Airbus (iii)

1983 - 1999 Sistemas CAXx, Desarrollo propios y disefio para AIRBUS.

"
<" 4
1986 1989 1992 1997
EF-2000 SAAB-2000 SATIC C-295

AIRBUS

GROUP

1983 Primer vuelo del CN-235. La superficies se disefiaron en CAD.

1984 Instalacion de CATIA v2.2 como sistema de CAD/CAM para CASA.

1987 Primer vuelo del A-320. Instalacion del CRAY 1S en Proyectos.

1988 Inauguracion del Centro de Puerto Real. Fabricacidon del HTP del MD-11.
1990 Primer vuelo del MD-11.

1991 Primer vuelo del A-340.

1992 Primer vuelo del SAAB-2000. Avién 100% digital. Superficies, 3D y planos.
1993 Instalacion de CATIA v4.

1994 Primer vuelo del Eurofighter. Acuerdo de utilizar CATIA v4 con sdélidos en EFA.
1997 Primer vuelo del C-295. Instalacion de CATIA v4 en UNIX.

1998 Retirada de HOST y migracion a estaciones UNIX en CASA.
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

PLM in Airbus (iv)

“
-—-——-_'
2011 2011
A-330 MRTT - Talarion UAV C-295 AEW

— 2000 Comienzo de la Fabricacion Digital utilizando Productos Virtuales.
— 2000 Fusidn de Aérospatiale Matra, CASA y DASA.
Nace EADS (European Aeronautic Defence and Space Company).
— 2001 Instalacion de CATIA v5 sobre plataformas PC.
— 2001 EADS (75 %) y BAe Systems (25 %) crean la Compaiia AIRBUS.
— 2002 Inicio del uso de CATIA v5 en AIRBUS para el A380.
— 2003 Proyecto de Fabrica Digital para el A4OOM. A400M, primer AIRBUS CATIA v5.
— 2005 primer vuelo del A-380.
— 2006 EADS compra a Bae Systems el 25 % de AIRBUS.
— 2007 Inauguracion de la Factoria de Albacete (Eurocopter).
— 2008 Proyecto PHENIX. Armonizacidon PLM en EADS.

2009 Primer vuelo del A-400M.
AIRBUS

GROUP
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PLM in Airbus (v)

2010 — EADS 2.0

2008
A-330 MRTT

2009
A-400M

2011
Talarion UAV

2011
C-295 AEW

— 2010 PHC armonizacion PLM en EADS.
— 2011 Lanzamiento del A320neo

— 2012 Intento de fusidn con Bae. Cambio accionarial. Empresa privada.
— 2013 Primera entrega a cliente del A40OOM. Primer vuelo del A350.

— 2014 Airbus Group. Airbus Defence and Space.

AIRBUS
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

PLM Market

10
8,89 5 PLM budget 2008 (B$) EADS Weight in providers Revenue
B
[ _
m 5 0,062 5%
249 4 gg g
116
0,6
\ ,\ T T
N ) *(\ \% O ) %
> W [ Q NS 2 @ 0,007 1%
«&o*é@@@;c*c?@@@» °
S & ARSIV O N N\ 4
3 \é\@ W @g% & 0,095 3%
Ne Q% & &
«? ¢

Source : Extrapolation based on CIMdata 2010 analysis and IDC data Source : EADS internal assessment

A&D represents 13% of PLM market EADS weight 3% of Revenues of main PLM providers

EADS represents ~ 10% of Aerospace and Defense PLM Market

11
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PERIODO

PLM Evolution

1960-1970

DISUDVERING PLM

GESTION DEL CICLO DE \

1970-1980

1980-1990

"IDA DEL PRODUCTO

1990-2000

2000-2010

2010-2020

Oportunidad Dibujo 2D Disefio 2D Productividad Innovacion Concurrencia Colaboracion
Ordenador No Mainframe Miniordenador | Workstation PC Indiferente
Grupos de
Personal Delineantes Operadores CAD |Proyectistas Ingenieros trabajo Global
Arquitectura No 16 bits 32 bits 64 bits Estandar Indiferente
Programacion No Ensamblador FORTRAN C++, LISP Scripts/Macros | Customizacion
Interface No Comandos Menu Grafica Windows Intuitiva
Modelizador Planos (papel) Geometria 2D Superficies 3D Sélidos Knowledge Realistica
Intercambio Ninguno Escaso IGES, VDA, ... STEP Nativa No hay
Fabricacion Plantillas/Manual[APT Automatizacion |Integracion Ext. Enterprise [ Virtual

AIRBUS

GROUP
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PLM Evolution

e
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DISLOVERING PLM

Generation 0

Generation 1

Generation 2

Generation 3

1960 1990 2005 Future
Personnel/Skills Loftsmen Engineers Concurrent Engineering Coll.abore}tlve
Engineering

Information Model

Surfaces and 2D drawings

3D models and 2D
information

Solids. Model Based
Definition (MBD)

Knowledge Based
Engineering (KBE)

Engineering definition

Forms based data entry

Product Data
Management (PDM)

Master Product Definition
(MPD)

Integral Digital Mock-up
(iDMU)

Product configuration

Explicit configuration

Multi-configuration

Mono-configuration

Configuration by
specimen (Tale Number,
MSN)

Mock Up Physical mockups Basic simulations Advanced simulations Full digital manufacturing
Manufacturing Manual work. Templates. NC, CIM Extended Enterprise (EE) Virtual Factory
PLM Tools In-house applications Customized .COTS' API Store
In-house applications
Infrastructure Mainframe systems UNIX Windows system Indifferent: PC, Tablet,

Phone.

Data model format

Proprietary formats (vendors)

International standards

Data exchange format

Limited data exchange.

IGES, VDA, SET, DXF,
STEP

Native. Proprietary
formats

International standards

Long Term archiving (LOTA)

None exists, paper based.

STEP

International standards

AIRBUS
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The main Suppliers

* Dassault Systems (CATIA v4/v5/v6, Delmia, VPM, Enovia)
* Siemens (Unigraphics (NX), Teamcenter, Tecnomatix)
 PTC (CADDS 5, Pro/E, Optegra, Windchill)

*  SAP (SAP/R3, mySAP)

AIRBUS

GROUP
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Aerospace PLM Market

CIVIL MILITARY HELICOPTER

Company System Company System Company System
BOEING CATIA BOEING UG/CATIA BOEING CATIA
AIRBUS CVICATIA EADS CATIA EUROCOPTER |[CATIA
RAYTHEON CATIA LOCKHEED CATIA SIKORSKY CATIA
EMBRAER CATIA Bae CVICATIA WESTLAND  |CATIA
BOMBARDIER [CATIA NORTHROP UG/CATIA AGUSTA CATIA
DASSAULT CATIA DASSAULT CATIA

GULSTREAM  |CATIA ALENIA CATIA

AIRBUS
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Aerospace PDM Market

DISLOVERING PLM

CIVIL MILITARY HELICOPTER
Company System Company System Company System
BOEING VPM BOEING Metaphase BOEING Metaphase
AIRBUS PTC/VPM EADS PTC/VPM EUROCOPTER [VPM
RAYTHEON PM LOCKHEED Metaphase SIKORSKY PM
EMBRAER VPM Bae PM WESTLAND ?7?
BOMBARDIER |[(CDM NORTHROP Metaphase AGUSTA ?7?
DASSAULT VPM DASSAULT VPM
GULSTREAM |VPM ALENIA VPM

AIRBUS

GROUP
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Discovering PLM — Sector aeronautico
Madrid, 10 de marzo de 2015

Fernando MAS - fernando.mas@airbus.com
Madrid — March 2015
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 DISCOVERING PLM

INDEX

SIMULATION.
DIGITAL FACTORY & VIRTUAL MANUFACTURING

Single parts simulation
Assembly processes simulation
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DISUDVERING PLM

GESTION DEL CICLO DE VIDA DEL PRODUCTO

Sheet Metal. Hydroforming, Titanium and Strechs

. |~ ] S }
|: . J| S
FEE —— ¢ .
wT—— | ; ssmsail | |
‘ \ \&_A/ N\ j
- {b)
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Numerical Control simulation.
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Composite parts simulation
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Assembly

* right ‘I Madify

*iso
Add

j Gl |

TOP INICIAL B

TOP PENLILTIMA Reverst
5

Properti¢

ULTIMA AWTENA
TOP PENULTIMA
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Accesibility
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Virtual Mockups vs. Real Mockups (i)

y
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Virtual Mockups vs. Real Mockups (ii)

b _adl
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Virtual Mockups vs. Real Mockups (iii)

AIRBUS

GROUP
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Digital Factory:

DISCDVERING PLM

GESTION DEL CICLO DE VIDA DEL PRODUCT

PHASES

PHASE 1

PRELIMINARY INDUSTRIAL
DMU to test and define:

» Design principles.

* AIC main components
Interfaces definitions

* Assy Line Layout

» Workers capacity estimations
» Assembly technologies

. J&T concepts

PHASE 2

Detailed and configured

INDUSTRIAL DMU to define in
CONCURRENCE and validate:
* Detailed processes.
* Detailed J&T
* Detailed workers capacity
* Detailed Logistics

Detailed Process and
Resources validated by:
» Assembly simulations
* Ergonomics simulations
« Stations virtual balancing
* Assembly Line flow virtual
balancing

PHASE 3

FINAL INDUSTRIAL DMU

to validate:
* MAP modifications

and to draw:
* Detailed work instructions
* Manufacturing BOM
» 3D documentation
* Augmented reality
applications

.

12



DISUDVERING PLM

GESTION DEL CICLO DE VIDA DEL PRODUCTO

IDMU industrial Digital MockUp

2002

Processes & Resources definition play a decisive

influence in the Product definition and evolve with it.

iDMU is the master to generate de Shopfloor

documentation and the master to calibrate tools & jigs.

AIRBUS 13

GROUP



 DISCOVERING PLM

Example Fase I. A400M Fuselage Station

Sponsons_>
H
WFF 1 & 4~—>

e Nose Fus - Fuselage assy.

% ® e Sponson - Fuselage assy.
e WFF 1 & 4 - Fuselage assy.
e NLG & MLG assy. e

AIRBUS

GROUP
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GESTION DEL CICLO "IDA DEL PRODUCTO

Example Fase Il. A400M Fuselage Station

AIRBUS

GROUP
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DISCOVERING PLM

GESTIO

TO

e
L

N\ DEL CICLO DE VIDA DEL PRODU

\

Real

Virtual vs

REAL

VIRTUAL

VALIDATE IN VIRTUAL WORLD_

Assem bly starts

16
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Assembly station optimization
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

Assembly line optimization

campos de

u
]
3
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Cologue datos ag
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GESTION DEL CICLO DE VIDA DEL PRODUCTO

A400M. Complete Assembly Process

e 7 - iy S i A S e
e *W#ﬁ*' = =
o e T e i R s e e e
oo AT T [ i i e tis e A ST eI

30-10-2006
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INDEX

FUTURE TRENDS

CATIA v6.

Industrial Reality.

Virtual Training.

Mixed Reality.

Harnesses Simulation.
Collaborative Engineering

AIRBUS
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CATIA / DELMIA v6

IP Modeling & Simulation

Virtual Design

Realistic Digital
Simulation Manufacturing
& Production
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iDMU (industrial Digital Mock Up)

Program Collaborative
Innovate. Management Engineering
Assembly Aids

P

Conventional é;; f

Processes

it . : Certification
3D assembly ' Virtual
Aids MES Training

AIRBUS

GROUP
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Shopfloor documentation 2D & 3D / Translation

& o

MARS MARS

Create 20/3D content n V5 & exploit Genesate JDWI, 3Dlve review and shoplioor fesdback

PLM PROCESS & TOOLS SOLUTIONS
Marradimstateg Ergrmmiy Wity Ascrall

AIRBUS 5
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Electrical Harnesses assembly simulation
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Mixed Reality. The Concept.

Virtual Reality (VR): Artificial environment generated by computer.
Augmented Reality (AR): To enhance reality with information generated by

computer.
Mixed Realty
1l
Augmented Augmented Virtusl
Reality (AR Virtuality [AY) Environment

gl -

Milgram, Paul, Haruo Takemura, Akira Utsumi, and Fumio Kishino. "Augmented reality: A class of
displays on the reality-virtuality continuum." In Photonics for Industrial Applications, pp. 282-292.
International Society for Optics and Photonics, 1995.

AIRBUS
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Industrial Reality Room

» Launch in 2004: the first IR room in Europe.

» 5,0 x 2,3 m screen back projection e J )

» High luminosity stero imagen. L - L

» Native CAD formats: CATIA =3 =3

» No translations: unique product definition. TRy

» No new tools: CATIA for all. = ) | Lk

» Economic hardware. (PC 64 bits, 32GDb) Il EpEpEay s 8

» > 256 MegaTriangles s S

AIRBUS 8

GROUP



SRENE Y,

Airbus status (2013)

Today Tomorrow Tomorrow
(Specific technologies) (Airbus standard) (Enhancement)

R

+ Public Virtual Platform

AIRBUS

GROUP
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Industrial Reality Room uses.

| DMU reviews & Simulations Collaborative
Design Engineering

Certifications

Prototypes

M < ! u Process
Developement e Certifications

Virtual Training

AIRBUS 0

GROUP



DISCOVERING PLM

Virtual Training

Industrial Reality environment where assembly processes can be verified by Engineering
and Assembly Line blue collars in a concurrent and iterative process.

Resources:

Industrial Reality 3D room.
Industrial DMU.

DELMIA simulations.
Shopfloor documentation.
Process Engineering.
Assembly Line blue collars.

"""""

Benefits:

Assembly Processes optimized
and validated in concurrence
using 3D simulations.

Assembly Line blue collars
virtually trained.

Improved reputation of being an
innovative corporation.

AIRBUS 11
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Virtual Training
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Tiempo

Curva de Entrenamiento

=Sin VT eCon VT
2.00
1,80
1.60 \
1.40 \\ Reduccion de horas

0,60 |
0,40 _Aly a1 H
’ viones virtuates
5 Z Adelanto del avidén de régimen
ninn T T T T T T T T T T
1 4 7 10 13 16 19 22 25 28 31
Aviones

34
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I\/leed Reality. The history

1956 Morton Heilig. Sensorama
. 196x Sutherland & Sproull’'s. HMD
. 198x USAF helmet displays.

. 199x Tom Claudell, Boeing. Digital HMD to guide
workers through assembling electrical wires in aircrafts

. 2005 Airbus launch a first AR project in Spain

. 200x Saatchi & Saatchi. First mobile phone based AR
advertising application for Wellington Zoo

20xx Google glass ??

AIRBUS

GROUP
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Augmented Reality — An ancient technique
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Augmented Reality. Virtual World + Real World
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The assembly scenario in a FAL (Final Assembly Line)
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The clasical way using papers
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The current way using Augmented Reality

AIRBUS

GROUP

18



SN FLY

Classical vs. Augmented Reality
Augmented Reality

Classical
Assembly Support Assembly Support
i SCEEVB/2M (C36 RA) "“:’f’-“.ff?f:: - T‘ e -

fag g

* Documentation not linked to iDMU. * System linked to iDMU.
* High generation and update time. * Low generation and specially low update time.
* Low traceability. * High traceability.
2D format. Spatial vision needed. * No spatial vision needed.
AIRBUS 19
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How does augmented reality work?

Input Output >
Real Time Search for Markers Camera Draw virtual
Video Frame Marker (X,Y,,2,1,j,k) Transformation objects
\_ J J J J Y,
< Real Time >
AIRBUS 20
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SAMBAlaser - Sistema de Ayuda al Montaje BAsado en laser

= 3
AR
v ." » -
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AQUATIC - Automatic QUAIity InspeCtion

-l b " I T-<Ta - T - Les
HIgH precisionano accuracy’
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MOON - asseMbly Oriented authOring augmeNted reality
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ELARA - gEneralization to assembly authoring Aug. ReAlity
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ORION - |Ow cost laser for AuthoRIng sf documentatiON

AIRBUS

GROUP



AL G HLY

SELENE - Stickers assEmbly by LasEr projectioN tEchs
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ANDALUS - universAl augmeNteD reAlity assembLly sUpport for bracketS

AIRBUS

GROUP

27



AL G HLY

Collaborative Engineering

AIRBUS
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Collaborative Engineering — B737max Assembly line

:\
Industrial DMU (iDMU) Concepts

B737max - Basic Configuration
Centro Bahia de Cadiz

MTIO — Manufacturing Engineering
PLM — Process & Tool Solutions

AIRBUS
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A Transformation Process (i)

Production Starts

time
e
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A Transformation Process (ii)

Production Starts

time
e
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A Transformation Process (iii)

time
e

AIRBUS
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Global Scenario

CONCEPT DEFINITION DEVELOPMENT + PROTOTYPES SERIAL PRODUCTION
Engineering ' Production Engineering &
Sustalnlng
(.2 DMU as master DMU as master Uas master
) .
/)]
¢ CONCURRENT
Engineering — Functional & Industrial Design . Sustaining
W
(21]
1
(@
- COLLABORATIVE
AIRBUS
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Collaborative Functional Model

>

MANAGE Program Management, Costs & Planning
\ 4
ENGINEER
FUNCTIONAL
DESIGN
—>
INDUSTRIAL \1, .
PESIGH OPERATIONS
SUSTAINING

Final Product

—_—

SERIAL

PRODUCTION

Deviations (non conformances, concessions ...)

AIRBUS

GROUP

34



AIRBUS

DISCOVERING PLM

Thank You
Vielen Dank
Merci Beaucoup
Duo Xie
Muchas Gracias



	01 - UPM 2015 - Presentation & Objectives
	02 - UPM 2015 - PLM Basic Concepts
	03 - UPM 2015 - Context and Suppliers. Current situation
	04 - UPM 2015 - Simulation. Digital Factory & Virtual Manufacturing
	05 - UPM 2015 - Future trends. Collaborative Engineering

