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Agenda

* Introduction

* What is PIDO — Process Integration and Design Optimization

* Sensitivity Analysis for design understanding and/or Optimization
* Robustness Evaluation and Uncertainty Quantification

* Simulation Automation to Democratization

* Al/ML enabled Intelligent Engineering solution

* Q&A
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Ansys Perspective: Al/ML approaches

Bottom-Up Methods

Organic ML Initiatives

* ML-based fast high-fidelity solvers
* ML-enabled enhancements

— Initial meshing

— Sub-modeling

— User-Experience

— Solution steering / settings
* ML-services across physics

— C++ based deployment model

.g.
S

Top-Down Methods

Fast, Accurate, Predictive
Design Optimization
— Performance & operations scenarios
Model Calibration
— Plant & Controls integration
MIL-SIL-HIL integration
— Virtualization & acceleration
Virtual Validation
— Calibrated Plant and Controllers
Lifecycle Exploration
— Plant & Controls integration

A\

Special Initiatives

Multi-Fidelity, Hybrids, Twins, Cloud

0/1/3-D Reduced Order Models (ROM)
from Physics simulation

Multi-Fidelity models: Physics + Data
Digital Twins
— Analytical, Data-driven, Hybrid

Feature extractions from data for
designs, performance and life

APl and UX for ecosystems

— Partners, customer solutions
— Cloud services
— Autonomy and Swarms
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Connect to Ansys optiSLang to perform parametric optimization

Ansys optiSLang prOVideS a framework for Robust : Understand Parameters |mportance
Design Optimization used in conjunction with physics-

Sensitivity Analysis| Parametric Sweep |Metamodels| Design Of Experiment
based simulations to optimize product designs

Use Al/ML-based Optimization Algorithms

Leading Optimization Algorithms | Multi Parameters | Multi Disciplinary

) Evaluate Robustness & Quantify Uncertainty

Reliability Analysis | Manufacturing Tolerances | Quality | Design for Six Sigma

nsys

= @) Benefits
STRUCTURES FLUIDS ** Integrated within Ansys Products: Easy to Learn
s Workflow building: Flexible to Extend
x* | P

o oo e S ¢ Integrate toolchains with 3rd party CAE tools
*» Applicable to all industries

Automate & Publish Simulation Workflows

Orchestrate Sequences| Remove Repetitive Tasks| Publish Apps | Extensible API

ELECTRONICS

y I 4 Improve Product Quality & Get to Market 10X Faster
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Process Integration is needed to Automate Simulation Workflows

Ansys Solvers External Tools Custom Codes Simultaneous HPC
execution

Optimization »
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InputDeck Prepare SolveOnHPC ExtractResult
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i @ " Minimize simulation effort if costs are to high
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Ansys tools, Inhouse Codes, 150+ Set sequences, branches, conditions, Packazed Apps for Non Simulati
commercial solutions loops, combination of algorithms ackaged Apps Tor Non simulation

experts

Y ANnsys



Adaptive Metamodel Approach (AMOP)

Reduce number of designs by smart design refinement

* Objective measure of prognosis quality = CoP slBP % il & e
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Al/ML for all available data — 0D/1D/2D/3D/measurements

See the importance of
parameters and how they
work together.

MLS approximation of difference
Coefficient of Prognosis =

Coefficients of Prognosis (using MoP)
Tull model: CoP = 89 %
T T T e

INPUT: depth {
Ql »X {
'
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Relative Contribution [%]

Use relevance of parameters at different
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Signal Length [mm]

F-COP

Exponential Hardening
Linear Hardening
Saturation Parameter
Yield Stress

Youngs Modulus

Which parameter influences which

position in the picture?

deltaP (Result F-CoP[Total), type node)

quantity

result

creation time
data type
minimum value

maximum value
explained variation94.7949%

deltaP

F-CoP[Total]
2019-05-29 17:20:06
node

34.4492%
99.5308%

sign understanding

odel fidelity & value

Shows importance of all relevant
parameter in 3D Simulation.
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Al/ML Engineering Solutions

Forward Simulation | Machineleaming

o
* Innovative design ideas » Carry-over designs (Business built on

derivatives of past designs — incremental
changes of designs)

* Long simulation times

* Requirements initiate simulation-based * Built on ML-models (and/or instantaneous
optimization runs directly equations) only

* Machine learning is applicable

* Parameter spectrum known and manageable

Precision Execution time

Execution time Precision
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Typical customer engagement process for simulation democratization

Parametric Simulation

Industry leading multi-physics &
systems offerings

Vendor neutral, all solvers

Simulation and Measurement

@@@

A v <
2 @ EgreergDots v M2 Ommm v 82 @ EgreeingData
Encinearias Dat 3 @ Geomerry v 83 @ Geomewy
/ 4 @ Mode v M4 P Model v .
S @ seto v . a5 @& seto
6 @ souton v .~ 6 @ sousen
v D 7 @ Rests v 4 7 @ Reaits
2 @ Geometry v -

Geometry
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Parametric workflow

automation & algorith

() Parametric Simulation automation

0 Design Exploration & Optimization
incl. Al/ML algorithms and models

) Robustness / Tolerances Analysis

AEDT

n» y_,»_' L; :f

Data Receive CATIA ANSYS Workbench MATLAB Report

Speos

Workflows & Variation Analysis

# Sensiti

—
t_J »

ANSYS Workbench AEDT

m

R Rl [

Data Send

&

MATLAB

Browser-based app deployment

@ Publish workflows as browser-based apps

Users are free of licenses, installation, resources - easy
to use with custom GUIs

B Incl. Non-Simulation Experts into projects

tetiridteretite
tetirideeietate
ihé reriridieieiete
*** (I XIINIL] Ansys Run What-if studies

Simulation Experts

optiSLang
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Multiphysics-Workflow with optiSLang and Mixing applications

Engineering Goals

Enable more engineers to run standard CFD analysis

Make it more stable, less manual and even flexible

Overcome the problem of complex IT configuration for each
user

Ansys Solution

Parametrized geometry & mesh creation in SpaceClaim &
Fluent meshing

Parameter & Journal driven Fluent runs

Automated simulation workflow driven by optiSLang
Easy to use web frontend customized by python
Auto-generated HTML report with all needed pictures,
graphs, video and values

Benefits

No local installation needed

Use multiply queues to submit to cloud or company cluster
User-friendly web frontend

Faster product development

Easy to switch from hardware tests to digital/virtual tests

Web frontend (web-app) for democratization of CFD mixing applications in stirring tanks

Fluent Settings Documentatior
Geometry Settings Fluent Settings Documentation

- Simple Analysis X v

Tank Parameters I\ / Fluid Flow Inputs I
GEOMETRY SETTINGS ANSYS / rLuenT seTTinGs
| | nsys ys /
Name Value Units Agitation Speed 100 [RPM]
Shape | Cylindrical v | Fluid Density 996,2 “ikgm*3]  The Agitation Direction follows the “right-hand rule”
Bottom Type (AsmEs =) . B . Fluid Viscosity Model (Constant v/ direction pointing towards the tank bottom — clockwise
) Wall Cesrance —— Fluid Viscosi ty 0,001 [Pa sec] rotation.
Height 1600 < [mm] Meso Mixing Length Scale [0,05 fm!
Liquid Level 1500 2 [mm]
wpe
Diameter 1100 2 [mm] CSTR Settings
Length 1100 < [mm] ~ Name Value Units
Width 1100 < [mm] Tank Height { Inlet Massflows 1 tkg m*-3]
) . ¢ Include Recirculation
Disk Height 200 Z [mm] -
Cone Height 200 2 [mm]
. Fluid Flow Run Settings
Bottom Diameter 800 Z [mm] .
hever Name Value
— _— . Mesh Refinement Factor [1
ofsat Bottom Dumeter Flow lterations 10000
Rotslen Abowt W, X (Algha, Beia Angle)  (ComicalBottom} N femem il

Variation Analysis

6. Blend Time Monitors

=
| o
Sm m’_[@_ — N

Meshing » B

Fluent on Cloud or Cluster

Automated CFD workflow in optiSLang - 4

Mesh Refinement Factor =1 Mesh Refinement Factor =0.25

Auto-generated HTML Report
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Multiphysics-Workflow with optiSLang and Mixing applications

\nsys / opmistanc

Geometry Settings

Tank Parameters

Name

Shaft Parameters

Name

Baffle Parameters

Name

Impeller Settings

Create

Fluid Flow Settings

Mount

Shatv

I\ ys / GEOMETRY SETTINGS

units
> Tank Diameter |
" Wall Clearance — ==
mer .
! Tank Shape
mpeliers
Tank Helght
units lauld Level
Top Mounted v
e v = s
v '
: Offset Cone Height
v < Disk Height
PR S - " = 5
... B0 -
Bottom Type
Ahigh-level overview of geometry parameters can be seen abov eneral impeller parameters are shown below. For more detailed documentation and parameter definition
Value Units please go to the Documentation tab.
Farv
v Blade Thickness —=—
5 T - Blade
: Width
3 Diameter + 2
e
0 Height
. ‘4
4 -~ Blade Angle Blade Height
Angular Offset
Type Height {mm) Diameter (mem Zotfset [mm Angotar Offset Slade Number Blade Angle Blade Height (mm Blade Width [mm Blade Thickness (mm
PET v [s0 400 [ 30 0] [o [0
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Topology optimization meets Machine Learning

€ > C f © 127.0.0.1:8080/wizards

/Ansys

Rapid Bracket Design Predictor

B

y Parameters

A
Force X 01 @ 1.0 [o1 |
Force Y 01 @ 1.0 [0.1 |
Force Z 01 @ 1.0 [0 |
Mass Reduction 40.0 o=@ 70.0 [s00 |

\nsys I\ Force Z . "
\ | Force X

Fixed Supports i
\ -

]
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« (
— { J
“ Mass Reduction \

Export

Export the model




ML based Optimization of Differential Via

via MOP Optimization

=] Projects
A g Taper length of microstrips
£ Sl Taper length of strip lines
Dog-bone cutout between vias
ide Administration
o Side view
- H
= Sign out - s

Differential via design In an 18-layer PCB d = BaL‘:kvdnll e
Via connects coupled microstrips on layer 1 to Stacku >
coupled strip lines on layer 7 «  Specify thickness for - - p_
Substrate is FR4 dz:3-6mm - d10:3-6mm =
d3:3-6mm d11:3-6mm pe3
User input d4:3 -6 mm d12:3-6mm 3 -
Specify thicknesses of certain dielectric layers of 853 ~6 mm d13:3-6mm i =
ackup d8:3- 6 mm d14:3- 6 mm i -
{t') @9:14-17mm - d15:3-6mm 2 =
Optimization goal ) DS —
Maximum differential return loss (SDD11) from 0 v
to 40 GHz is minimized + a
g 14 —— o
- i -
| - e n
Placeholders
Name Value Description
d10_thickness 4.0 x w
d11_thickness 4.5 X w
d12_thickness 4.0 X v
d13_thickness 4.5 x -
d14_thickness 4.0 X ¥
d15_thickness 4.5 X w
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Ansys Intelligent Engineering — Solution Stack

Ansys Intelligence Concept Ansys Intelligence Framework

A solution framework that combines engineering simulation with data science to search,

Ansys Solvers External Tools Custom Codes HPC Execution
produce, and optimize validated product designs.

This standardized, scalable solution hyper-automates product design using ML-based e ——— OB o &
parametric optimization to streamline repetitive design and virtual testing efforts.

\nsys INTELLIGENCE

*  Ansys optiSLang * Ansys Professional Services i A —— E x
* Ansys Minerva e CAD Connectors : - m.m;mﬂ.hfm_e i
*  Ansys Simulation Solvers *  Customer-X Al/ML Solutions ot I LS vt B :
. HFSS, LS-Dyna. Mechanical, etc.
Optimisation SPDM Materials Data

Ansys Intelligence Workflow %
\nsys

MINERVA

Inverse Simulation & ML-Optimization

Search existing products per é

| |
| |
| |
Customer Specifications in Minerva 1 ) 1
common Minerva SPDM produces CAD Model 1 Define Preset Select-MatenaI Env Run ML Sim. R'esulltls/ | Best Design
platform . . i Params, ARC Specs (Plastic, Cardstock, o Sustainability re—
search Design & Review . optimization " ' output
1 etc. Rubber, Free Air) Matrix |
results
| |
| |




Auto ML used in optiSLang — enabling non-experts to use ML

Al/ML integrated in optiSLang PIDO toolbox and workflows

N2 BN 2

N2

AutoML Framework combined with automated Simulation Workflow Building

MOP (Metamodel of Optimal Prognosis): Workflow for automatic detection and training of best possible
metamodel out of large range of surrogate models including

Al/ML (Neural Network) integrated into metamodel competition = auto ML

AMOP (Adaptive Metamodel of Optimal Prognosis): Framework for automatic refinement

OCO (One Click Optimizer): Al enhanced optimization algorithm

Automatic generation of best metamodel and verification regarding forecast quality

Based on the most efficient (self learning) design data base

Simulation Platform physics and
vendor independent

After Simulation workflow setup
democratize as App

Enables everybody to use it

Parameters
In

r4en

v @] -

Cost calculus

Mini

Nntimizatinn

AMOP

e simulation effort if costs are to high

Database
update

i} [N g A
I L

4nHPC ExtractResult

» FiParformance Map !

| Mmop/cop
ad ils

z >
J - L}
h e MOP Solver

L 2]

3

Best available metamodel
out
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