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LMS, a global response to customer needs

\ LMS NA - Detrei
LMS N'A’:‘ =
Coralville
LMS NA {3 LMS A
ashington DC

Los Angeles

)

¢ ENE e PN

LMS worldwide revenue
distrubution

US 23%
Asia 37%

Europe 40%

JML 2 Copyright LMS International - 2008
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LMS FEKX, 3EKXRAHLZ A

Others Aerospace
& Defense

Mechanical
Industries

+15% of LMS WW New business

Auto
Supplier

qLMS
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LMS, atrack record of Transformational Solutions

Leading partner in Test & Mechatronic Simulation

Product Innovation Process Innovation

More Composite Aircraft ﬂ Achieve earlier

More Electrical Aircraft k g aircraft maturity

Process efficiency &

Sustainable Environment Productivity

LMS 2011

Hybrid TEST/CAE Partner
1.000 people

LMS 2010

TEST-NVH Partner
200 people

LMS the Roots

4
e
e

Test &Mechatronic Simulation uv 4 - ASD Competence Center - 2011

) Leading Partner in ’Z L M S
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LMS Test.Lab
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The CAE Based Design Process — Virtual.Lab Positioning

CAD

: ___ __'r';l..... :
Durability ‘eamless Connectivity - As

e

Function/Point Solutions

Optimization

NNNNNNNNNNNNNNNNNNNNN




Unified Modeling — Addressing End to End Process for Multiple

Simulation Attributes

LS Viraal.Lab

Acoustics/NVH... /
| Crash/Safety

_Geometry

»ONE CAD

Structural analysis

CAD-Assembly

Meshing

Analysis

Y Solver
Definition

Mesh
_operations

CATIA V.5
Associative
Meshing

Externally
Mesh
Parts

M Solvers: Acoustics, Motion, NVH, Durability

NASTRAN, ABAQUS,
CATIA CAE, LS-DYNA,
RADIOSS, MADYMO

$(LMS

ENGINEERING INNOVATION




LMS Imagine.Lab AMESim: NP
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LMS Imagine.Lab AMESIm
EWAFHPIBRFTE - 1D FL 662 (System Mockup)
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LMS Imagine.Lab AMESIm
MZMR A HBRRFT R - 1D FZ 42 (System Mockup )

_ WDM 3 mmzrﬁ
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LMS Imagine.Lab AMESIim
ZUA G HEL T B

(LMS

ENGINEERING INNOVATION




LMS, a unique Portfolio of Engineering Innovation Solutions

Platforms, Mission Critical Applications and Best Practices

LMS Virtual.Lab LMS Samtech
3D Performance Simulation  Structural Analysis
7 A \ A

AMESIm
Multi-physics
Modeling

System
Synthesis

LMS Test.Lab — Test Based Engin

P e BB

Laboratory
Mobile

Engineering & Deployment Services

fﬁg ) Leading Partner in . ’v‘ L M S ®

‘ ENGINEERING INNOVATION
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LMS and Samtech Solutions, deployed to achieve

Breakthrough |

nnovation throughout the entire development cycle

Transformational Solutions

Systems Integration Check

rchitecture & Technologies |

Detailed Design >

o Better & early choices / Early integration validation
“System-Level Multi-Domain Engineering”

e Engineering Insight & Risk Mitigation
“Scalable Physical Model Fidelity & Realism”

e Test & Validation Process improvement
“Virtual Testing enabling improved Physical Testing”

W 4 Leading Partner in
Test &Mechatronic Simulation

uv 13 - ASD Competence Center - 2011




LMS and Samtech Solutions, deployed to achieve

Breakthrough Innovation throughout the entire development cycle

Transformational Solutions

Systems Integration Check

rchitecture & Technologies |

Detailed Design >

o Better & early choices / Early integration validation
“System-Level Multi-Domain Engineering”

Aﬁ" ) Leading Partner in ’ ‘ L M S
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Concept Phase — Vehicle Energy Management Example

Optimization of hybrid vehicle architecture for fuel economy

Vehicle Architecture — Synthesis & Analysis

W11kwW

VEHICLE

H13kwW
1S kw

DRIVER

v

€O [g/km] HC [z/km] NOx [g/km]

riggian profile
& ambisnt data

CYCLE
Tip-in, Tip-out CE e
Gearshift, WOT, Stop & Start IC ENGINE
Incidental maneuver

Std & Realistic cycle

' COOLING SYSTEM CABIN

@ ELECTRICAL

AUXILIARIES

[
® .
Tgan_s;mlssmn_Madel,,_ i Heat Exchanger “Control Mode

: - s
o g e .
o I I8 % E .

tven?

"(LMS

ENGINEERING INNOVATION
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LMS Imagine.Lab Selected to support

Integrated Vehicle Energy Technology (INVENT)

THE PARTNERSHIP

epO®e, =
) y \ = 7 '{u' . . -
@) Implement system engineering solutions
N

RNERGY | POWER/ Theaagag vesrmoranuwseas fOr €nergy-optimized design of Vehicle & Systems

[~ BOEING

o
s

i Ly Expectations
° nf..-t!'f:. Su:lxinnd W, weoewa M — m
OAETEC Hmmm oo 1. Energy optimized aircraft
“We’'ve defined the concept of the energy- to have 50% increased range
optimized aircraft, which steps above more- 2. System engineering to deliververy significant
electric systems and sets goals at the vehicle schedule compression — up to 5x

level.”

Steve lden, INVENT Program Manager
Aviation Week, Oct 27, 2008; Aviation Week, Jul 12, 2010

After extensive evaluation of solutions, LMS Imagine.Lab was selected
to support the US Air Force INVENT Program

“We are excited about going forward with LMS, PCKA, Boeing, and the growing numbers of INVENT contractors”
Peter Lamm, AFRL

w(LMS

Test & Mechatronic Simulation uv 16 - ASD Competence Center - 2011 ENGINEERING INNOVATION




Concept Phase Example

Virtual Integration for Aircraft Systems Engineering

Frontloading Integrated Aircraft Systems Simulation
to Achieve Early Maturity in Aircraft System Concepts

Environmental

Sveten

ccccccccc

wwwwwwww

Virtual Integrated Bird @ Virtual Iron Bird
Concept Validation Accelerated Testing

~<

o e = 10% reduction of development lifecycle time/cost
< x rr 7
‘9: ‘*;%Q(ENDO 2 AIRBUS | 500 reduction in rework

cieavsky 60 M€ - 2010-2013 = 20% cost reduction of physical tests

(LMS

‘ ENGINEERING INNOVATION

<
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Aircraft Power Systems

HYDR system Network modeling

A/C Power Systems HYD A Compqnent:‘Subsys_ter,r,l
Green Modeling — “Authoring

{avel?]

Power Generation [ E=2EE Bei=z2

i1 landing gear front
M+

Primary hydraulic circuit

Power Network

landing gear — +— landing gear

left Slave i TpovelE]  right

brakes [gmyFimtem 4 E=tsp| brakes

Power Consumption S =E=Y
flight control actuators

%¢ A Leading Partner i \ / ®
Teét\fiz‘&-y?e::altr:inia; ;?r::llation 18 ’ ‘ L S

‘ ENGINEERING INNOVATION




LMS and Samtech Solutions, deployed to achieve

Breakthrough Innovation throughout the entire development cycle

Transformational Solutions

Systems Integration Check

rchitecture & Technologies |

Detailed Design >

e Engineering Insight & Risk Mitigation
“Scalable Physical Model Fidelity & Realism”

Aﬁ" ) Leading Partner in ’ ‘ L M S
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Development Phase - Realistic system simulation Example

Enabled by combining 1D and 3D simulation technologies

Example: optimize high frequency impulsive noise (Direct Injection)
in high efficient Internal Combustion Engine (ICE)

Measurement
Uncoupled

Coupled (2% damp)
Coupled (0% damp)

Vibro-Acoustic Model

d

ﬁ P ﬁ P ﬁ 3 pﬁ@
jﬁ - ? © - !
G*M 9 b v? o Q—N 9 QT:IQ,

1D Model v
Injection System Structural FE Model

21 Copyright LMS International - 2010
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Development Phase - Realistic system simulation Example

Enabled by combining 1D and 3D simulation technologies

Example: Simulation of chain whine e —
1. Fully coupled 3D mechanical model e
Upper& Lower Engine - MBD — FEM

2. Coupled 1D — 3D simulation with
functional model for chain tensioner / actuator

PSONAEEES DD

Check Valve Plunger, relief valve seat and stop I Input displacement
N Relief Valve 1 1

=y i d ; | [ ::“

:‘: T\ “\"' ‘ i MY @
Source: “Utilization of CAE/Hybrid methods as an enabler of up-front design optimization”

Takeshi Abe, FORD ~gp, ®
2007 LMS Conference on Virtual and Physical Prototyping ’ ‘ L I I S

X i ENGINEERING INNOVATION
22 Copyright LMS International - 2010




Engineering Mission Critical Systems with
Scalable Multi-Physics Simulation & Testing Technology

§_

5

%o = _
- >

- o &2

(R 2o

o 2 32

D 3 =@

)

.
foo BB,
S

BEESARS80566 L8

T

Landing Failure Mode Analysis

e “

1D Simulation 3D Simulation

Oleo-Pneumatic Damper Detailed Landing Gear y:
Double Chamber Detailed Geometry — incl. Flexibility

Orifice Sizing & Optim. Detailed Non-linear Behaviour Landing Gear Dynamics Test
Tire Tire Models

) Leading Partner in ’v“ L M S ’

ENGINEERING INNOVATION
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Improving “realism” and “productivity” for system simulation

Based on combined use of Test and Simulation

Realistic Simulation

Example: Test Based Tire Model
for Road Noise Simulation

Test Based
Virtual Tire

pEE

spner uoss Cf mee

Vehicle Dynamics Model for Road Noise

Accelerated Simulation

Example: Test Based Trimmed Body Model

fication
Is and
nemen

Test — CAE Substructuring

Measurement and analysis innovation —in support of simulation

24 Copyright LMS International - 2010
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LMS Virtual.Lab Motion - Scalable system simulation

Enables by combining 1D and 3D simulation technologies
Example: Vehicle Dynamics

Component — Subsystem Component — Subsystem

Models ' Refinement

=y o o LETES
s s 0 — D =
5 n > @ 3
(I T A Q3 Q = Loads for component
pA * o o5 durability analysis
e ol Q= .
CIE S S SR | o Q L Q
o . 4 . 4 w = =
i B ) m == | @
Ride & Handling Ride & Handling - Comfort
1D Simulation 3D Simulation
Chassis Concept Chassis Detail — Body
1
Suspension type Concept &+
_ Hard points Details subframes — incl. flexibility e S e—
Bushing, damper settings Body concept model - incl. flexibility Road Noise

Tire models

“A New Library for Vehicle Dynamics Functional Simulation”

B. Parmentier (PSA Peugeot-Citroen) & M. Alirand (LMS) N\ / ®
Vehicle Dynamics Expo 2008 NA j ’ ‘ I M S

. . PSA PEUGEOT CITROEN ‘ ENGINEERING INNOVATION
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LMS Virtual.Lab Motion

Supporting “System Approach” for Mechatronics

LMS Imagine.Lab LMS Virtual.Lab

AMESIm Motion
: @ .......... %
o e : —
Actuator Mecharncs + SenSOr S DERgsc oo ¢ HOEOE LI ALS ]

Normal Operation

<1 Door_controller_contact_detection i)
Fla Edt Vew Stwdston Femst Took b

D@ B [(E T2 b aF e =@

Evalualismamped
Delay

-
i
H

Controller

Mechatronic optimization of controller functions
for different operating modes psa peuGeoT cumoé?l

Obstacle Detection

w(LMS'

26 Copyright LMS International - 2010 ENCINEERING INNOVATION




Accelerating Controls Engineering

enabled by Model Based System Engineering

Example

Model Driven

* Frontloading controls
development

= Mechanical — Controls
System optimization

Controls

Modifications
A

Initial Prototypes Production
Available Ready
1

Development Time Line

<

Towards Model Driven
Controls Engineering

Prototype Driven

“Rapid
Prototyping”

R .
O\ s

= +50% control modifications
after prototypes available

= System optimization
driven by control calibration

27 Copyright LMS International - 2010

“ Representative “plant” models for controlled systems
- Scalable in precision — function of design stage
= Off-line to Real-Time — to support MIL-SIL-HIL

= Interconnected “mechanical” and “controls” engineering
- Collaborative 1D (MIL-SIL-HIL) system management

LMS

ENGINEERING INNOVATION

D




Example

Model Based System Engineering

for Mechatronic System Optimization

Example: Joint performance and energy optimization in active suspension

1 Skyhook.
. = |5'1.. ]

(TH “1S) swil 1ead — (TIN) 8ull-40
‘616u3 j011U0D 10} |DPO |e2dISAyd

Wheel Hop
Suspension System (front axles) = 3‘5/ gt*- ; -§~| g 3 e
Act|?7£Mamp(g[ s . |
é%yiﬁmggg T A

@ ;I'EMNZH:% Spring
L,,,,,J: ,,,,,,,,, ,,,

! ). Wen inear dump,

2 355

—

Mechatronic

(3) Optimization
Hardpoint Locations

PEACRE

TENNEGO

(2) Optimization
Actuator (Energy Use)
RACAES) 2%

/._..
N

/ AN

d A

Optimized

1 Axle Kinematics

Optimization

(1) Optimization
Control Settings
A FEdl4E

&

50% less power consumption after optimization

w(LMS

ENGINEERING INNOVATION




REFDLTE & B TH B R4 AR

Phasel :

* rigid body motion of
body

vertical spindle/patch
> displacements

* vertical
spindle displacements
from Phase 2/3

* measured spindle
forces and moments

* measured lat. und

long. spindle forces
and moments
from variant A

« vertical spindle/patch
displacements Phase 1

vertical
—
* measured lat. and long. spindle f_orces

spindle forces/moments

Phase3:

n-th ; : : (n+1)-th component loads of
approximation Virtual Drivefile approximation suspension parts and
spindle displ. Iteration spindle displ. interface loads to
| chassis

o.k.

((LMS
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=i vemcle b prodigle ulated Cycle C

woil using Hybrid Road & vehicle A 170004 | , |

‘J‘ m M[l ,Ai

|
| mo L T TR e
e " =9 } '\'\l ‘r'\dA f | | 1 : ; | |
| | /M f \Aﬁ' \‘h‘ |%A . i | Ll “-g'_ | i L i e |

‘L . - | | | LY =1 H

Podasfet_1_M _fz [aevton]

[+ 13

N Wj “' '_\y '-‘w . '\"k“‘l w

easured ||
Time Series
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Model Based System Engineering Example
to frontloading physical testing and validation

« Simulate on the test cell the “working” of target build-in environment
* Process and analyze test cell data in context of target build-in environment

Example: Hybrid Powertrain Development

Testing and calibration of ICE to be used in hybrid powertrain

Pressure — Accel.

j RT SlmuTation model éﬂLﬁf ‘r(lgaa?
_ for'ECH, Iréns&'ﬁ’?ssmn E ,g‘@[yer M adel
and electrlcal camponents (

G4 10
123 l][_‘li- (]t [If-_ii-

N e e w

I by~ mrar

Pressure — Accel.

Simulation is key to enable frontloading of testing and validation

(LMS

X i ENGINEERING INNOVATION
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Virtual.Lab Motion Real-Time

HIL Testing

HIL-Simulator

“Multi-physics” models
Mechanics, Electrics, Hydraulics...

“Controls” models, hardware
Electrical, Electronics, Software...

"HIJ-:|' -

v More realistic SIL / HIL testing

JZ/IEUO!IEUJSIUI SINT ybuAdoD

= by using 150-DOF multi-body models, 8 5
- without model simplification, PG =
- valid until 20 Hz, ETAS S
= with industry-proven, robust and accurate solver dSPACE’

v Re-use existing MBS models

v QOptimize the complete mechatronic system

o mw'-n-

s o i1

/t,tif;: ) Leading Partner in o ’ ‘ L M S
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Virtual.Lab Motion - SAMCEF MECANO

Example: Vehicle Dynamics with Local Non-Linearities

Cessna GUI for Landing & Taxi Analysis

t;iTm_l_Nmnn!_nﬁramez 1 SZB_100
A\ ot actanesa 2w 00 ‘.
3 intaConanons
i somonser
oetane prtang Trardshonsl deplarement mag
Trarsatond deploement magneLe 001
I 00156
00147
0012
:::::
000822
000737
oo0ss3
o003%s
000184
0
OnBoundary

ﬁe ) Leading Partner in 3333 ’v‘ L M S ’
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Advancing Simulation Realism & Physical Model Fidelity ;
to Gain Precise Insight in Complex Aircraft Performances R il

3D Mechanism Simulation Advanced non-linear
with Highly non-linear effects analysis

Thermal —Material - ... (post-buckling, composite Fatigue & damage
delamination...) prediction by simulation

Virtual Testing

/s
P

Test & Mechatronic Simulation - ASD Competence Center - 2011

Leading Partner in ’Z‘ L M S '
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Advancing Simulation Realism & Physical Model Fidelity ;
to Gain Precise Insights in Complex Space Systems TG
Structural analysis Complex Systems Thermal

with Highly non-linear effects Mechanisms & Inflatable
Thermal — Material - ... structures, ...

Thermal — Structural
analysis, ablation....

)\ Leading Partner in ’ ‘
g ‘ ENGINEERING INNOVATION
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Advancing Process Efficiency

NASTRAN CAESAM - Analysis & Process Platform
CATIA Integration platform
E—— for Aircraft Structural Certification File

Links to CAD / FEM / Loads ...

| - Deployed on

Ee = L Airbus A350

: ' Program
Materials / Fasteners / Profiles Data Base =

Architecture & trade-off> Structural Certification Dossier>

Supply Chain

Detailed Structural Analysis

Stress analysis -RF/margin

N/ M ®
pﬁfﬁ:ﬂ»' ) Leading Partner in ’- L S
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LMS and Samtech Solutions, deployed to achieve

Breakthrough Innovation throughout the entire development cycle

Transformational Solutions

Systems Integration Check

rchitecture & Technologies |

Detailed Design >

e Test & Validation Process improvement
“Virtual Testing enabling improved Physical Testing”
Aﬁ" ) Leading Partner in ’ ‘ LM S

ENGINEERING INNOVATION
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LMS Solutions for Aircraft System Engineering
Virtual & Physical Ground Vibration Testing (GVT)

/ First Fl|g ht Certlflcatl\

Ground Vibration Testing Campaign

1 Virtual 2 Physical prototype available 3 Engineering
Ground Vibration Test Ground Vibration Test (GVT) Insights
. : Correlate
Pre-Test& Prepare —, Instrument Aircraft GroTSd :_/'b:\j‘t'gn Uzt — Model R lé%?iits
De-Risking Instrumentation Validate Set-up en by b e GO/NO GO
& Validate Modes First Flight Models

(ﬁ ¢ ) Leading Partner in ’ ‘ L M S
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LMS, a unique Portfolio of Engineering Innovation Solutions,
Platforms, Mission Critical Applications and Best Practices

LMS Virtual.Lab LMS Samtech

3D Performance Simulation 3D Structural Analysis

System Multi-physics

~ - ‘ - . - e e s |

= svnihesis = N ehC T o
'

Laboratory
Mobile

LMS SCADAS

N

Modal — NVH — Acoustics — Durability

Engineering & Deployment Services

&é& ) Leading Partner in ’ ‘ L M S
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