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From Multi-Discipline to Multi-Physics Depending on the Engineering problem at hand

The engineering problems at hand
are handled each discipline/physic
at the time. Examples:

» 3D: Acoustics / Durability/ Crash/
Motion/ ...

* 1D: Fluids / Electrical /
Mechanical/ ...

» Test: Structures/ Rotating /
Vibration Control/ ..

+ CFD: Flow, DEM, Spray, ....

There is a benefit in maximum
model(ling) re-use across the

The output of 1 discipline/physic
is the required input for the next
discipline/physic. The different
disciplines/physics don’t impact
each other at each state.
Examples:

* Aero acoustics
» Vibro-acoustics (non-coupled)

« EMAG acoustics

Different disciplines/physics impact
each other at each state, so both
disciplines/physics need to be
handled together. Examples:

* Motion + 1D Sub-Systems
* 1D + Acoustics

* CFD + Structure Coupling
« FSI

Same as prior, but for accuracy,
performance, & stability, coupled simulation
is required. Examples:

+ Coupled Vibro-acoustics in NX Nastran
* Thermal/Flow

* Mechanical/Thermal

disciplines/physics.

OO

Multi-Discipline
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‘Multi-Physics

‘Coupled-Simulated’

Multi-Physics

Siemens Digital Industries Software



ZFREHFEE ML ot SIEMENS

Ilz\g,a«uf\ty for Ufa

Design Space Exploration
* Process Automation (Automate building of virtual prototype)

» Distributed Execution (Accelerate testing of virtual prototype)
- Efficient Search (Look for better design alternatives)
* Insight & Discovery (Ensure reliable product performance)

Automotive Bumper

Parametric CAD Crash Simulation Analysis

HeEDsExecuton B

A 4

Intrusionf

ultiple@oaditasesk

CH
5 Bumper Mass (kg) History

A

s ;e .- . 32% reduction in mass
° B © | | Satisfies all crash safety regulations

Improved Design
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Simcenter solutions

Challenge

Design space exploration with Heeds & Simcenter

~_ Temperature __ Geometry

Optimize geometry,
mass flow and
temperature at the
same time under
stringent constraints

|

Stress

Max Thrust
Cruise

Idle
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 Evaluate changes to dilution hole Efficient Search
i 1,400 - .
geometry to reduce cracking - R,
. ., B Infeasible
INTAKE COMPRESSION COMBUSTION EXHAUST 13007 - ' ¢ Best Design
- [ Baseline
- 1,200- .-
. Feasible *
&
EI]"]'00 ] z Velocity: Magnitude (m/s)
o o At § . i - e S
Air Inlet’ Combustion Chambers * Turbine/ & L. =
. - x'1,000 . .o . . .o
Cold Section Hot Section = 1 . . . *e .
900 4 ’
. Best design stress = 794 MPa |, .
Considered: 800, 1.3% - : d/ Lt : . .
. 14.5%  15.0% 1569 Maximum Stress reduced by 18%
Improvement relative to baseline design = 17.5% . ,
. . . . 4x yield stress to 3x yield stress
+ 8 design variables (diameter, height, 700, . _ . . . . . . .
slant, orientation of two dilution holes) 0 20 i = Y =

Design Id

» 1 temperature profile constraint

In two weeks, we were able to evaluate 100 design variants and find a good solution

to our performance challenges. Previously, it would have taken over 6 months to
evaluate just a few alternatives.

« 100 design variants
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Teamcenter

1D Model Management 3D Model Management

Link to system architecture and requirements
management including closed loop validation and Link to design requirements and CAD
verification
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Enterprise Integration: 3D and 1D data managed cohesively, with

Value 3

hievabl ~relationships, and in context of Requirements, Functional, Logical and
achievable \. Physical views, including governed simulation processes
at each e -
level... . :
2 Integrated Analysis: 3D and 1D data managed, with
Integrated 1D & 3D
shared access to managed Targets, Parameters and
Processes and Model Mgt. _
\ Attributes
1 3D CAE Model 1D Model

3D and 1D Work Group Support
Management Management

Disparate Processes / Simulation Data Unmanaged Simulation data unmanaged
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lngesuity for Life
1D Model Management Simulation Data & Lifecycle Management
System Driven Design Simulation Structure Management & Automation
Multi-Attribute Balancing Simulation Tool & Process Management
Webapp Simulation Visualization & Results Communication

3D Models,
Abstractions, Meshes,

1D Models Teamcenter

HEES
Associated Data

Collaboration Loads, Decks, Results,

Managing dependencies of
models, ownership,
: @?: . meta data (attributes) 0

i

|
4

3 _ /N ]
& @_J s
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System Simulation (FEH{HH)

Simcenter Amesim, Simcenter Flomaster

Simcenter System Architect, Simcenter System Analyst
Simcenter Embedded Software Designer,

Simcenter Prescan

Y} 1ejusdwes) - FIFEUILANSE

CAE Simulation (CAE {5H)

Simcenter 3D, Simcenter STAR-CCM+,

Simcenter Nastran, Simcenter Femap, Simcenter FLOEFD,
Simcenter MAGNET, Simcenter Madymo, Simcenter Tyre,
Simcenter Motorsolve, Simcenter Speed

SQ33H — WEESEY

Physical Testing (¥7EEMi)

Simcenter Testlab, Simcenter Testxpress
Simcenter Tecware, Simcenter T3STER,
Simcenter TERALED, Simcenter POWERTESTER
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From Multi-Discipline to Multi-Physics Depending on the Engineering problem at hand

at the time. Examples:

Motion/ ...

Mechanical/ ...

Vibration Control/ ..

The engineering problems at hand
are handled each discipline/physic

» 3D: Acoustics / Durability/ Crash/

e 1D: Fluids / Electrical /

» Test: Structures/ Rotating /

+ CFD: Flow, DEM, Spray, ....

The output of 1 discipline/physic
is the required input for the next
discipline/physic. The different
disciplines/physics don’t impact
each other at each state.
Examples:

» Aero acoustics
» Vibro-acoustics (hon-coupled)
* EMAG acoustics

Different disciplines/physics impact
each other at each state, so both
disciplines/physics need to be
handled together. Examples:

* Motion + 1D Sub-Systems
* 1D + Acoustics

* CFD + Structure Coupling
« FSI

There is a benefit in maximum
model(ling) re-use across the

disciplines/physics.

QOO

Multi-Discipline
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‘Co-Simulated

ulti-Physics

Same as prior, but for accuracy,
performance, & stability, coupled simulation
is required. Examples:

* Coupled Vibro-acoustics in NX Nastran
* Thermal/Flow

* Mechanical/Thermal

‘Goupl -
‘Coupled-Simulated’

Multi-Physics
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Redefining Strategy for Innovation
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Business pressures force companies to
operate here to design better products

VALUE

Most companies operate here
to reduce time and cost

Automate

Validate Troubleshoot
REACTIVE ENGINEERING LATE IN DEVELOPMENT PROCESS PREDICTIVE ENGINEERING EARLY IN DEVELOPMENT PROCESS

SIMULATION PURPOSE
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New Paradigm for Design Exploration SIEMENS
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Traditional Process {_\ /_\ /_\ /_\

Define Simplify Select Tune Conduct Interpret
Objectives Model Algorithm Algorithm Search Results

Either: * Gradient search « Population size i
* Limit Variables » Genetic algorithm * # of generations
and/or * Particle swarm » Crossover rate W
* Fit Response » Ant colony » Mutation rate g
Surface Model » Simulated anneal * Selection type
(DOE/RSM) * Etc. * Etc.
Modern Process (H EEDS) HEEDS surpasses anything on the market

in its ability to help us drive innovation.”

Define Automated Interpret -- Anders Ahlstréom , Scania Truck
Objectives Search Results

Time Savings

Discover Better Designs, Faster
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Benchmark Results

Challenge:
»  Find minimal function value in least number of evaluations

Results:
* In 2000 evaluations, SHERPA performed >10% better than any
other algorithm and >30% better than the nearest hybrid algorithm

1,000
0 - 1 Eonction—Flx) S [ _ _
”’ GO TAX) = '?} XTI === GA (Genetic Algorithms)
-1,000 , 3 . .
-900 = x; = 500 «===QP (Quadratic Programming)
-2,000 Minimum = f=-418.9829n _ )
- em===SA (Simulated Annealing)
« -3,000 -
3 | Fr—— «w===PS (Particle Swarm)
@ 4,000
= 5,000 \ \ ———  e===DS (Downhill Simplex)
-6,000 e==SHERPA
-7,000 +———— Resu,ts for = 20 —Competitive Hybrld
- N ————
B0 —ﬁ=| e Known Optimal
-9,000
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Evaluation Number Average values for 25 optimizations from random baselines
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Graph showing function for
two variables (n=2)
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