Da

Leading companies deploy
configurable solutions and
increase engineering throughput

Mark Norris CEng MBA
theSDMconsultancy
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The Challenges of Simulation
SPDM can help

Three generations of SPDM
NAFEMS can help you with SPDM
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Industry Challenges

« Companies face unprecedented pressures to
Improve Product Performance
— Environmental Pressure for fuel economy and emissions
— Regqulatory Pressure for Safety, passenger and pedestrian
— Competitive Pressure; Performance, Cost, Quality, Features

« Companies are turning to Simulation Based
Development to achieve these improvements due to
— Accuracy of simulation results
— Speed of Iteration
— Cost per Iteration
— Information available from a simulation
— Flexibility to investigate alternatives and combinations

« Companies are expanding the use of Simulation
— Upstream and downstream in the Product Lifecycle
— New Engineering Domains

ATavavavav
Aannay NAFEMS
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Product Complexity is rising

5 structural material types in the Audi A6
New joining techniques

Aluminium sheet

I Cast aluminium

Aluminium luggage compartment lid

T Aluminium profile

Aluminium thrust panel

B Hot-formed steel
Aluminium profile bumper system

B Cold-formed steel

Hot-formed and partially tempered B pillars

Aluminium doors

Aluminium side panels

Die-cast aluminium struts
Aluminium profile front subframe

Aluminium profile bumper system

9

Aluminium bonnet



Audi AGICIZSTRERDIREHM H
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Aluminium sheet

I Cast aluminium

Aluminium luggage compartment lid

T Aluminium profile

Aluminium thrust panel

B Hot-formed steel
Aluminium profile bumper system

B Cold-formed steel

Hot-formed and partially tempered B pillars

Aluminium doors

Aluminium side panels

Die-cast aluminium struts
Aluminium profile front subframe

Aluminium profile bumper system

10

Aluminium bonnet



Performance Improvements are
harder to achieve
* Thermodynamic efficiency )

— Asymptotic to ideal performance

<B)
« System Performance s | 1
: ] -
— Each improvement requires s |
more effort i
* Leading to the requirement to do Effort Required

— more simulations, iterative simulation
— more sophisticated simulations
— more system level simulations

« More data, more complex data sets

#‘!‘*‘%‘%"&'
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The Simulation Challenge at BMw

-‘-

Expanding Capacity, Managing Process & Data

1 # of CAE Simulations Nearshore/Offshore
{1 Complexity of Simulations + Development
{' Data per Simulation & Integration
N\ Number of Data Per
CAE Simulations Simulation

BMW introduce
SDM Cost of
- Physical

Prototyping

Cost of
CAE Simulation
I >

Source: BMW

:
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BMW introduce
SDM
I

Cost of
Physical
Prototyping

Cost of
CAE Simulation
[ >
1960 1980 2000 2020 Source: BMW
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Simulation Data Explosion

The Number of Simulations performed at Audi in core disciplines
has grown Exponentially in a decade, following Moore’s Law

Combination| Granularit
2 X3 x20 x10

>1000

)
cC o \ J
'% GEJ 200 ' :
=5 Native data volume has
EX
5 & 0 grown 10x faster

120x +

SPDM has saved
analysts time, enabling
them to design more
experiments and
evaluate more results

80 +

40 -

0 T T T T ]
2000 2002 2004 2006 2008 2010 2012

10 Years
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VI

>1000

Simulations
performed

i SPDMIZ. R BRI Z T #Y
; $BCLT, YBLDR

BRZEATLN, &Y SO
R RILT AHMEEE

2000 2002 20'04 20'06 20'08 20'10 20.12 -
10 Years Zé%d)f'ﬂ'o
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Data Management
challe ngerg 2§

* Number of simulations Is doubling every
18 months, or faster

 Number of data items per simulation Is
Increasing due to:
— Increasing complexity of product
— Increasing complexity of simulation
— More system level simulations

* Analysts have less time for engineering
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Simulation Capacity
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Engineering throughput
limitations
Simulation
compute
capacity:
Mdore’s Need Ana_llyst
Law Capacity
Need CPU
Expert Analyst Capacity:
educate — PhD, train,
develop expertise,...

2002 2004 2006 2008 2010 2012

Engineering throughput is now limited by
Expert Analyst Capacity
19
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Simulation Capacity

0

2000
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Need CPU

RITEDEEN:
EBHE. RibIlE, RFED
BEREZRETHELND

2010

2002 2004 2006 2008 2012
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Expert Analyst Capacity:
Educate-PhD, Train,
. Develop Expertise,...
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40 -

« SPDM raises productivity through lean, effective processes,
« Enables industrialisation through managed access to proven definitions
« Provides a global platform for remote working
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SPDM manages all Simulatior

Requirements l

Process Definitions/Templates

Structure
Definition +

Geometry Simulation Process Audit Tralil

System
Definition &
Parameters

Math Discrete Discrete
Models Models Solution

- ' = 4 =

Material models

Load-cases,
Regulatory & : :
SertarTATEE Input data, intermediate data,
process & results data
'(-:O?dsl by Physical
ZL Bl i Test Results
Measurement

AVAVAVAVAY
AVAVAVAVAY

Sy NAFEMS e www.nafems.org

AVAVAVAVAY



SPD

(
({ I

BRIRE

M 2 +
S AR

ARATLEE &
INGA—3—

MHHEETIL

FrEEHE. Rl
& tEERE

FHEZF-(IE
p: || Y

AVAVAVAVAY
AVAVAVAVAY

Senwey NAFEMS

AVAVAVAVAY

FoYEal=LarT=22HkNDEE
ToeREH/TUIL—F

$2aL—YarFOERBHRE

1l “’ B .{
ETIL ETIL

mEe
J)a—
v

ANT—42, hiET—4,

JO+tX & #HRT—4

26

XRiER

www.nafems.org



w
O
<
(=
(72
@
(72
@
Q
©
-3
—_—
@®
0
3
©
@
<

Extract &
Post-Process
mom Q. W Study varkan €3
P vaam G
- ok
T LS Dyma put Deck S

T nastran Materiat Modet €3 T LS Dyna ipest Deck &

L : = e . L' Key Resul Curve <
T Mastion Mesh Model 3 16 oblect o
o bject T LS OymampumDeck &3 »  Generic Rosult LT Key Resum taove 3

,Cm&“‘0< ' hicle-user -St p_Crash_Resolty 6 obiect o

o [ _‘mh-iwo
T vacian O_ T Conmection Modet O_ | e, [
u e ety » »

T Scenmio €3 _

P T
LS Dyma tnpest Dock Dot &3
Tost Sobver Params & | Surmstation Det 3
O L=9yna High Memory ( " Crash
Test Post Par annvs 0_ |
- TeatPost
Key Rosult Roquest ©J
o ot

SPDM: Graph technology records simulation and process data
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SPDM: FS7BMiNLSal—iavéatRNT—42%508%

AVAVAVAVAY
AVA VAVAVAY

suane NAFEMS - www.nafems.org

AVAVAVAVAY



from File @T@ Information in
An SDM manages the complete Simulation Data set, the Database
provides access to IP, metadata and viewables

| can access Information directly, securely, globally HP

Outputs Results

CAD Part FE Mesh

'CAD’ ‘Mesh’ |BD" _deck | ables)
File ‘ Gilens file Binary —

o o = i O/P ::

vis  [Flle Data O | (deck )

| Eile n deck Compressed

—  In Vaults Ascl

The original data-file is online, compressed,

—— archived or can even be deleted
AVAVAVAVAY
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Outputs Results

CAD Part FE Mesh

O/P view

CAD Mesh BD deck ables
File | File file Binary _

. B N O/P

vis  [Flle Data O/P | | deck |

File . ~deck | Compressed

—  In Vaults Ascll
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OF SPDM:
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Bespoke SPDM Systems
SPDM 1.0 - Custom Developments
- SPDM 2.0 - Configured Solutions
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Bespoke SPDM system

« Solution or system developed by IT department or
Services Providers

* Necessary when a Commercial solution was not
available

« Key benefit: Specifically addresses clients’ challenges
and timescales

* Requires an expert services provider, it's a significant
IT project requiring formal justification, may be costly
« Examples:
— Airbus for Stress, Aerodynamics, Loads,..
— Siemens Rall for Bogies
— Faurecia for Car seats
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Airbus bespo

NAFEMS “Les defis du SLM” - 6 Décembre 2012

A bit of history...

2000’s emergence of industrial strength home solutions
* Airbus home examples: AeroCity (aerodynamics), Isami (stress), A
Fonctionnal simulation framework decomposition to map initiatives (
Commercial new SLM’s : ModelCenter, Imagine Lab, SimXpert, Isig
Maturing IT extended enterprise technology : webservices (& grid for
Lack of maturity of PLM vs SLM (e.g. « why don’t you want to store your
Strong concentration of solver's market leading to a stalemate betwee

=>» Heterogeneous set of locally consistent & strong ecosystems
No industrial strategy/solution for cooperation

P

(Airbus functional SLM decomposition)
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Airbus $F;EDSPDMs

NAFEMS “Les defis du SLM” - 6 Décembre 2012

A bit of history...

2000’s emergence of industrial strength home solutions
* Airbus home examples: AeroCity (aerodynamics), Isami (stress), A
Fonctionnal simulation framework decomposition to map initiatives (
Commercial new SLM’s : ModelCenter, Imagine Lab, SimXpert, Isig
Maturing IT extended enterprise technology : webservices (& grid for
Lack of maturity of PLM vs SLM (e.g. « why don’t you want to store your
Strong concentration of solver's market leading to a stalemate betwee

=>» Heterogeneous set of locally consistent & strong ecosystems
No industrial strategy/solution for cooperation

P

(Airbus functional SLM decomposition)
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Siemens Rai

, Graz

SDM raises the process reliability and eliminates manual efforts

* Traceability of the data status in the
entire tool chain: Design — Load
Assumptions — Fatigue Assessment /
Vehicle Dynamics

e Reduction of the Efforts for d
acquisition via a central ¢
data base

SF 500 Motor Bogie for

ICE 3 & Velaro
"

e Elimination of the
automatism of

G“m%%’w Es@%%‘i s

Adobe Flex > ((
— hl
S D M mcat J‘a:_\;/g Ml:l Sm I-_ AEASTE hap: llyl’ldenyme sunsource.net
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PDM 1.0

(7%

e Customisation and custom extension of SPDM
applications

« Core SDM capabillities directly address the
management of Simulation and Process Data

« Key benefit: faster to develop, adapt and extend
than bespoke development

« Who: BMW, Audi, Airbus, GKN Driveline,.

« Early adopters of SPDM achieved gains in
Engineering Throughput of 35% or more

AVAVAVAVAY
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SPDM 1.0

« SPDMER7Z 7S —13>DhREZIA(AE—
avEzIF. h AR LIYLEE
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T—3NEBZDLD
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gﬁwéfﬁﬁbb\(—i?‘rf%%

« B A2 BMW, Audi, Airbus, GKN Driveline,.
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Process
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Audi = Complex Automotiv

Traditional timeframes:

Afternoon Night Morning Engineerin
S ... e
Meshes Plots .

Assemble report
Compare and annotate
Post-processing results

Movie-merges

///

Ii{

O |

Pre rocessing Movies - Ty el
Applications RO [ A
Compute Images —{ 3 IR
Applications = ‘_ U
Values \ e
Solver Individual
Files
l | Output i
1op ki vk \@ Post-Processing
| Applications
’ l Decks

SDM: Low added value, laborious tasks eliminated to
free up Analysts’ time = increase engineering throughput

41
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Applications R

Compute Images -
Applications

== B
Values \ oD
Solver Individual
I Files

e | AL\l Post-Processing

| Applications
l Decks

Assemble report
Compare and annotate
Post-processing results

Movie-merges
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Audi: IP of 1,000,000 simulations in 2012

|

'

Sy
sEANRNEBRRERNAN RN i
. 2008000000000 000RS

Audireporteda 35% - —

productivity gain,
Initially from : — model documentation,
— automation of results extraction, 10,000/day
— report generation
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EVENING STANDARD TUESDAY 28 FEBRUARY 2012
R e S e R e S R g Bz

« Simulation Templates enable design
. - ~ b
engineers to execute analyses GKN is powered by China’s
o
— Templates are made available appetite for luxury cars
. : H should rise ab % thi d
according to engineers skill level Tom Bawden st el s ek
STRONG sales of luxury carsin China  back of that,” he added.
. . : helped d pl k Sal GKN’ business, which
« Detailed simulations used to adapt GXN b4 15% Jatp n profit for BO1L” ' accommts e about twe St of
d t | Tge grgup,lrrshich numbers BMW, grousp brel;/enues, increased by 10% to
Audi Volkswagen among its £2.68 billion.
prOdUCt to CUStomer u y CyC e bil;gg?cus(t)om\e‘;s%?ﬂkaed(i)ts%’tll]l-year GKN, ;/;gghalsomakesairframes
. dividgnd by a fifth to 6p a share, as for Airbus anq I?oeing, said its
* Response to Tender in 3 days, g -
d h as driveshafts, chassis The sh fell 4%, or 9.6p to 222p,
from 30 dayS, analysed and COSted 1;);((;alitl’zssscliin:isn;:\;351721"1;1;0;5519 asini:staorresst(fokpro(f)‘lrtsfoﬁo:ringg
GKN chief executive Nigel Stein 13% jump in the past month.
. . . id: “Dr d fi i t Analysts t GKN t tinue t
« Tight integration to PLM remains strong and we feelhatwill* beneli homArms Ao b
be the case in 2012. luxury cars this year, with
°

Consolidation of compute resources
& database into one centre,

has come
back

“China is the biggest i BMW forecasting the
driver of that but l  global market for
North America \ premium cars will

- rise by 8%, more
| than twice as fast

. . strongly as the overall car
accessible to 11 technical centres 0o, [ —r e

o . | oo W e W DU ] e

« Reduction in physical testing costs duction QY BMW is popular
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GKN is powered by China’s
appetite for luxury cars

Tom Bawden

STRONG sales of luxury cars in China
helped car and plane parts maker
GKN to a 15% jump in profits for 2011.

The group, which numbers BMW,
Audi and Volkswagen among its
biggest customers, hiked its full-year
dividend by a fifth to 6p a share, as
sales increased by 13%.

Pre-tax profits at the maker of
products such as driveshafts, chassis
and axles came in at £417 million.

GKN chief executive Nigel Stein
said: “Demand for premium autos
remains strong and we feel that will
be the case in 2012.

“China is the biggest
driver of that but
North America
has come

too.
Global
car pro-
duction

back P <
stifmgly ‘g'.ié?
¥ R i

should rise about 5% this year and we
expect to deliver more growth on the
back of that,” he added.

Sales at GKN’s car business, which
accounts for about two thirds of
group revenues, increased by 10% to
£2.68 billion.

GKN, which also makes airframes
for Airbus and Boeing, said its
aerospace unit increased sales
by 4%.

The shares fell 4%, or 9.6p to 222p,
as investors took profits following a
13% jump in the past month.

Analysts expect GKN to continue to
benefit from strong demand for

luxury cars this year, with
BMW forecasting the
X globdl market for
prerruum cars will
~ rise by 8%, more
3 | than twice as fast
as the overall car
market.

Driving profits:
BMW is popular

www.nafems.org



Airbus High Lift System Virtual Test
Virtual test history and strategy development

---m-u_i e ‘\, » New application area
R . by for simulation and SDM

1 ‘ « High lift system must

pass 2000 different tests,
~10 evaluations per test

 Virtual testing contributes
to certification so data
Integrity and audit-ability

o= are vital

NAFEMS EUROPEAN CONFERENCE ON SIMULATION PROCESS AND DATA MANAGEMENT 2010
AVAVAVAVAY
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Contribution to

System
Certification
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SPDM 2.0

Value & Return

— Configurable applications enable rapid Proof of
Concept to demonstrate feasibility & value

— Powerful capabilities deliver productivity and
throughput gains e.g. simulation generators

— Integrations with applications improve productivity
without development

Advantages
— Significantly lower project costs
— Significantly shorter delivery time

greater ROI but only for supported use cases
who: BMW, Dana, Ford, CAC,...
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BMW SimManager deployment

« 280 users running up to 2500 Simulations per day.
« Users from 4 continents working with the same data sets.

* Number of Engineers didn‘t grow over the last 4 years but the
number development projects has doubled.

* The planned increase of car project can be managed without
Increasing personnel resources

> Configuration >> Assembly >> Solve >> Post process>> Reporting >

™ RR5-NGC

NGS === . < =
= Preprocessing — gsﬁﬁsﬂ‘ =
= NVH f SINE =L
™| Exterior
™ Crash
™= Strength
™ FGs
= OccupantSafety
™ Crash
M vE
= Component
= BARRIEREN

INEN o= [
AT =, L
L+ §9 E e TS

AVAVAVAVAY ~20000cores
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BMW SimManager @ & B
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= Component
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Mapping Forming Results to Crash Structures

Pre-processor
Batch mode

Partnumbers Partdescription Partindex Component Models Mapping

[ T286559] [ LHIMMERE- [A1A] componentModels  true
SCHALE-MTT-

Variable Sheet thickness
and tensions from forming
process applied to crash
structure.

AVAVAVAVAY
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Chengdu Aircraft Company, CAC

Spinning Super Plastic Tube bending

5o
| .::|
. f
L

« Simplified, consistent
simulation processes
e process engineers can

execute processes with
minimal training

* manufacturing cost reduced
by up to 80%,

« manufacturing cycle time
decreased by up to 78%.

total efficiency increase of 35%

Hydroforming

. AN
MODELSETUP/ OIS / SOLVE N2 LT REPORT
SETUP
STANDARD SIMULATION TEMPLATES
gzl & ol
Template| | deck Templates
(

EXTRACT
ey Rep
esult Template
VDSS (SDM)
A VAVAVAVAY
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Chengdu Aircraft Company, CAC = [E

Spinning Super Plastic Tube bending
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3 Submit Extract &

& Solve Post-Process

Search
for data

9
fﬁm & Solve / " ¢
o Quality & Traceability % N\ 2
y \¥f '
\ IP & Knowledge Base -, W

SPDM is a specific data management ‘
technology that accelerates processes, =~

V 4

enables global simulation teams, |
ensures quality & traceability,
captures IP and builds a Knowledge Base
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NAFEMS SDM Work Group

SDMWG Mission

“Provide a vendor-neutral, end-user driven consortium that
promotes the advancement of the technology and practices
associated with the management of engineering simulation
data and processes...”

Activities:
 Conferences
» For Expert practitioners to share Experience with Members
* Presentation of accumulated Know-how to Members

 Building a Body of Knowledge for Members
« Simulation Data Management Survey
» Value and ABC Working groups
« Publications
« SDM Survey Report (ISBN 978-1-874376-51-4)
« SDM Business Value White Paper (ISBN 978-1-874376-56-9)
« SDM ABC — What is Simulation Data Management
« Training

: . 1Excerpt
OO . FEMS eLearning SDM training course
Swwe NAFEMS NA J 1 9 www.nafems.org
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« Building a Body of Knowledge for Members
- U2alb— */3/7-—’5!7* DAVRAE
- EEEBOT—FT5)L—T

- HiRY
« SDM H—A_ALKR—k (ISBN 978-1-874376-51-4)
- SDM B E{HfERT A +X—/— (ISBN 978-1-874376-56-9)
« SDM ABC — L 2al—33 0T —3ATR— AU RE(E A A ?
—=4
« NAFEMS elLearning SDM kL—=245"2—X
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NAFEMS SDM conferences SPAM

INTERNATIONAL CONFERENCE

Simulation Process & Data Management

Providing a platform for experts to share experience
Building a Body of Knowledge for NAFEMS members

2009

« TC184 SC Conference: SDMWG team & status - Parksville, BC, Canada
 SDM - Integration into the Product Development Process, Weisbaden, Germany
2010

« NAFEMS regional conferences

 NAFEMS Innovate Virtual Conference

 NAFEMS 15t European SDM Conference — Frankfurt, Germany

2011

« NAFEMS regional conferences

« NAFEMS World Congress 2011 SDM Track— Boston, MA, USA
 NAFEMS 2"d European SDM conference, Munich, Germany

2012

« NAFEMS SDM Day, Cincinnati, USA

« NAFEMS North American Conference, SDM TrackWashington USA

» Les Defis du SDM, Paris, France

2013

 NAFEMS First International SPDM conference, Salzburg

AVAVAVAVAY
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INTERNATIONAL CONFERENCE

NAFEM
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REREHETI-HOBEEME. BflfEziEitT3 Aot & b s
NAFEMS A /N\—D G AR D FEIL
2009

« TC184 SC Conference: SDMWG team & status - Parksville, BC, Canada
 SDM - Integration into the Product Development Process, Weisbaden, Germany
2010

« NAFEMS regional conferences

 NAFEMS Innovate Virtual Conference

 NAFEMS 15t European SDM Conference — Frankfurt, Germany
2011

« NAFEMS regional conferences

« NAFEMS World Congress 2011 SDM Track— Boston, MA, USA
 NAFEMS 2"d European SDM conference, Munich, Germany
2012

« NAFEMS SDM Day, Cincinnati, USA

« NAFEMS North American Conference, SDM TrackWashington USA
» Les Defis du SDM, Paris, France

2013

 NAFEMS First International SPDM conference, Salzburg
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Business Value from Simulation

Data Management
A Decade of Production Experience

THE INTERNATIONAL ASSOCIATION FOR THE ENGINEERING ANALYSIS COMMUNITY

e from SDM

2 year study through the
NAFEMS Simulation Data
Management Working
Group

Interviews and workshops
with

— Ten OEMs

— Three Tier 1 suppliers

Analysis and summary of
papers from NAFEMS &
CPDA conferences

Extensive peer review

www.nafems.org
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Business Value from Simulation

Data Management
A Decade of Production Experience ®

THE INTERNATIONAL ASSOCIATION FOR THE ENGINEERING ANALYSIS COMMUNITY
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Follow-up meetings possible tomorrow

Mark Norris
mark.norris@theSDMconsultancy.com

AVAVAVAVAY
AVAVAVAVAY

suuvyy NAFEMS

AVAVAVAVAY 67

www.nafems.org



(4

N/

!=§.ﬁ.. %%“)

HERD DD E TR

37)‘97":&5’(5)5]

Mark Norris

{

B

AME—T42F HE][EETT,

mark.norris@theSDMconsultancy.com

AVAVAVAVAY
AVAVAVAVAY

Susiy NAFEMS

68 www.nafems.org



